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(54) SEMICONDUCTOR LASER AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To actualize a projection beam of 
good quality which can be oscillated continuously in basic 
lateral mode and has no astigmatism suitable for the light 
source of an optical disk system, etc. 

SOLUTION: The semiconductor laser is constituted by forming 
an n type GaAIN clad layer 13, an active layer 16 of MQW 
(multiquantum well), and a p type GaAIN clad layer 1 9 on an n 
type GaN buffer layer 1 1 on a sapphire substrate 10 and the 
clad layer 1 9 is equipped with a double heterostructure part 
with striped ridges and a light confinement layer formed in an 
area other than the ridge part of the clad layer 1 9 on the 
double heterostructure part. In this case, the refractive index 
of the light confinement layer is made larger than the 
refractive index of the p type GaAIN clad layer. Consequently, 
threshold current density is reduced by controlling a lateral 
mode by forming a waveguide structure with a refractive index 
distribution, and in the lateral mode, an InGaAIBN-based 
semiconductor laser can continuously be oscillated. 
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7rll UKnlGaA 1 N>77 FH 1 3. MQW 
©r£14Jf 16. RVp MG a A 1 N 9 =y v FH 1 9 *B 
fS,LXt£*). 95v KMl 9tCX h7-f^©'J 
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1N«, F@©JS$r*J: 9 <~r Setter. 
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■ca^IgTt JlnGaAlB NJ&©¥ig#l — tfR 
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ttz^mwv-vx&^x, 

zvm i mmmt 7 v vm±viB^ntz'ptt <tt>m 
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T\ 

lulBrJ^^rtcDrSttSli, 'J>i<ttln a Ga b A 
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^e, f, g, e + f + g^n frbtuzmmmtT-m 
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8IE& 1 7 v KJf # I n x G a y A 1 z B 

l_ x _ y _ z (O^x, y, z, x+y+z^l) 
!K J§uEM2 3£mM*7 y Kg#In u Ga v A1 W B 
l- u _v- w (O^u, V, w, u + v+wgl) frbtz 

fflEP7 , ««©i»j»d t^n^* a c*i u mam 1 « 

7 ? KJB©ff * H 1 »iFfflE» 2 ^«M^7 5 y H 
■ C«I?«U y H 2 

0. 18 (zd/A) -'/^Hl/A^O. 27 (zd 
/A) "1/2 
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>Ptt < i:fc-#©*7 HSi:S5ErS<4®i:©Fatc^ 
In s Ga t Al h B,.^ N (O^s, t, 

h, s + t + h^i) trbtt.*), mzm-i&mcDJ^zs y^ 
s ^ t *nm. t r i> u — tf . 

T> 

suE*-^';T^-->'^->'D-B5±g©A l«J5£hf±. 0 
<h<0. 2*^fr^ffl(cfeSClt<&it^i:i-^*j? 
tf. 

ftSJMWU— tfT-feoTs 

&&±tzBm$ tl. In x Ga y Al z Bj^ N 

(O^x, y, z, x + y+zgl) i^&SSg 1^* 
I^7 7Kii:, 

Z.<D379MUL£.imZti. In x Ga y Al 2 B 
1-x-y-z N (O^x, y, z, x + y+zgl) ^f,^ 

H5E31 1 #m^i7 7 >y K^, HiJE=i 7^,RVB>iB3^ 2 
4il^7-y Ke^^^S^^u^^D^iii:, 
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ClO^2^SS^^«>r®±tSlRe<)tSi02 M*J<t 

lit 

z> v r*JB±£IWBU ^>*©il&K^Tm^lElj;Jf 

d t t -r s \y — tf©sig;sr&. 

[0 00 1] 

I n G a A 1 B Nmttm*m>tc*m&l'-1?RV*<D 
[0 0 0 2] 

xmmvytmtisTMftzti-z^Zo zottnmx-nm 

[0 0 0 3] 1) S.Nakamura, M.Senoh, S.Nagahama, 
H. Iwasa, T.Yamada, T.Hatsushita, H.Kiyoku and Y.Su 
eimoto:"InGaN-based multi-quantum-well-structure 1 
aser diodes" , Jpn. J . Appl . Phys . , 35 (1 996 )pp . L74-L76 . 
2) S.Nakamura, M.Senoh, S.Nagahama, N. Iwasa, T.Ya 
mada, T.Matsushita, H.Kiyoku and Y.Sugimoto:"InGaN 

multi-quantum-well-structure laser diodes with cl 
eaved mirror facets", Jpn. J. Appl. Phys. ,35(1996 )pp.L 
217-L220. 

km sag \zn vzftmm&m * m^t^mm^np 



[0 0 0 4] InGaAlNSTOTIWiS^ug 
E©— ofct picn^i? \-mn,#mtf>T*g\,\zt 

flE#iS|<&5£:±tli N c©^T'©fft©$g£#»j|T-t. 
Z&lfZ£Lg^mffi.mt>*Z<te^XL£i,\ ZtzW. 
[0 0 0 5] ^v^^i'^A^ojs&ftT-li. 
G a A 1 NS IfttttS^B- K (transverse-mode)$iJ 

ap&i§#^S£ftT^&i\, '&3k<D&mmx-&, mkt£ 

I nG a A 1 P&XV yi?* -f 7*§y© S B R W+f 
##££nT<^ SWAT'S 3 (Ts3£i&) „ 

[0 0 0 6] 3 ) M. Ishikawa et al. Extended Abstrac 
ts,19th Conf. Solid State Devises and Materials, Tok 
yo(1987)pp. 115-1 18. 

.b*>b£#£>, InGaAlNSU-ffii, ±13SB 
RU— tf^tt^RAJS^Stfet. £©#§££-£©£ 
SmmTZZL&X-gft^o InGaAlNSl/— tft: 

xttzmm&mm&h: bra, 

4) ^mw-s-i 1155 8^&m (^mitis—vm 

^) g &K*mffi.&immizm^tzm&vffi^ nx 

ffltt^t^fc*, #j&KM#©&^&»©t±j£rtf-^£f§ 
[0007] -ist, * 7 9 KS^tisitfem^afesp® 

^TfcRjifeSt bTfe^ffl#-B-Sfe«){Ctt, -£©ifs&j£-^ 

I nGaA lN^b- tfT-fcJU $gjg&:^#$l 
V^tfet, fctxIi^tfiglbT-fe^Tt), ^^-'pfjiat: 
±oT£<#|£S*«*i«i:&^-cba;3, ZCDTz&b, 

&£mffite^m*m-ttztzvx&£%.tt.&&$^— 

[0008]St InGaAl N3R©fSJ||«*-ett, 
G a A 1 N©«t ^ )& A 1 ft^tr«fc*< ^ fc % 

T%OGaNt©*S^ISAs^&5fc«)t, A 1 =&^tr 
StC^^y^As^-rShVNdF^StffeSo ^©^»@ 

ii**^ bff ^i>Jg-^^^c: 5. 

[0 0 0 9] — 15, Ztis'Zy'&izm^ZJtlitxD 

i3s-*»»»isifttx s^aibffi©®ai*i*^«:u- 
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[0 0 14] 
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[0 0 2 3] 
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l-p- q - r N (0_p_0. 95, 0_q_0. 95, 
0. 05_r^0. 3, 0. 05gp+q+r_ 1) f 

[0 0 4 7] (iii) 3tfflii4i)®l±, In p Ga q _Al r 
Bj.p.q.p N (Ogp, q, 0. 0 5_r_0. 1, 
0. 05Sp + q + rgl) ^^iA2^^© 



(7) 
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[0 0 4 8] (20)Tt&m&£lsZ, ^77-f7XttSi 

[ o o 4 9 ] (21 )m 2 mmmt> ? v vmo <; * ^asa, 

[0 0 5 0] (22)n>** h if ©JRffl&atf, a^lO 
0 cm"^lfc LT^-SCi:. 

[0 0 5 1] (23)r)>** hmm$im&at^ a^50 
0 cm-^ltLTUSCt. 

[0 0 5 2] $.tz&&Wtt. 2m<Dl, z 

2as©rS<£JfS5©? *>©S«<H© 1 *!«©<& Srt&tffc 
^^^Da3tgB*«SJfMbfe^i:^<lXs 2H 

y^^M^-as^tv^fc^&fcTSo 

[0053] ict% &y7)v^om&sn&, mug 

mm<DIn x Ga y Al 2 B^.^ N (O^x, y, 
z, x + y+zgl) a>e>&3<7 7y KJf r 
«®'Js'y^ni2^SI©In u Ga v Al w B 
!_ u - v _ w N (O^u, v, w, u + v + wi 1 ) 

•V h*«®«; y ^SBW^cD^tC, In p Ga q Al r B 
1 _p_ q _ r N (0<pg 1 , 0gq< 1, 0^r< 1 , 0 
<P + r^l, 0<p + q + rgl) Sg23? 

[0 0 54] *»Htt, m&mvo ^ «y vmx-& 

<&®¥m-#- (In, Ga y Al z N : x + y + z = 1 , 
O^x, y, z^l) A»e.*S^{*:V-+fT-. >7 z> v 
Ym<D'Pt£< k_ — #©0J|{C\ g 1 ^M©^ ^ a> KJf 

#© U * ^^JsE^tiT* ►) , ll'J » 5?w*(Dffl«-fc 
fct^te U * 2; tfij bTSg 2 ifm^fifbtf U «> 

E£ttttXIBJkJI«£lFU » $>tt* 1 ^SS©^ 2 ©3 

[0 0 5 5] *$&B££&54^#l'-tf©ig^ 
Xgi:, Si0 2 ii.tVl/^ h£M^U * h7-f7 
SStR^y ^>^tJ:?3 'J •vvS'ffM-rsxlifc, Si 

o 2 £?zmtRj&miz£t)%m&V)m (mmm 
istsis^v ^S3i«)g *j«ti5'j-y 

^±&P{c^2©n>^^ KS^fiE^f £Xg 



[0 0 5 6] *«WK:«4»iS*iStt, SfljjtP; 

OAfcfWMlMMW*: (In x Ga y Al z N : x + y + 
z=l, Ogx, y, z^l) © K7i , i^5 L >^/xg 
t*V^Ts 'J>£ < fcfcJfijRfcfifcfl-i: bT^trlg 1 

[0 0 5 7] ZZX\ mi<D#*tLX&, Cl 2 N B 
Cl 3 XHSiCl 4 tfffifflqJfgT-feS. Sg2©#*i: 
bTfct, CF 4 , C 2 F 4 % SF 6 N 0 2 % CO^UC 
0 2 #{£/8nJfr?&3. c: ft £©&-£#* ^jg^ 

§Si§fc«M§bT&«fcV\, 
[0 0 5 8] (f£ffl) Jfc&BJfciiftfcf, I n G a A 1 B 

» F®K U » ^SBSrlStt, CI© 'J y ^gBW^©^^{c, 
In p Ga q Al r Bj.p.^ N (Ogpll, Ogq 
<1, O^rgl, 0<p + r|l, 0<p + q + r ^ 
1) Ke<fct>J@#N£©*£v>;ftra&*>> 

S*«^- KT-©a^«*spj|gi:55:S. 
[0 0 5 9] CCt\ ±EOi5«:jfeHa«)Itt, ^7" 

SiRJ^^t-S©tt^qIggi:#^e»^^TV^-5. Z(D?z&, 
^© I n G a A 1 NS^*U- tf ^C^^,^x ^ -5 9 K 
g© U 5>tt«*fc#H&i&»ftJ&j«T5 
«tt±<#«b*^. bA»U *^%e»©gJig?W5£S 
V^tZ«tt), *«^«{b#^fflfiS« (MOCVD) » 
^»^f«Uci;^*S/- (MB E) i£^T'&?l£Mgjg 
fbTSChJCtD^ ±i2©«to^#^©^aiii6^©ji 

[0 0 6 0] L*»*n I nlSj^i 1 0 «t D 7v£ V> I 21 G a 
AlBN**(Ba»JBft»Wfc*aTtts -€-©T^D^7 
v FJf ©** U7'SIS* J ]S<^?,c:i:A s BJt ) >tC3a; 0 

to cnii, H^t3 e tSMg7'^-fe7'^©^tg^b4 s #lI 

^j^nsctuSHt-s*)©-?, 7fca3a,«)®^is«j-^v% 

[0 0 6 1] *fc*^B^t«tn«, i?MfSI4^©f£ili7J 
^— 9"k*««lttJB©«a*u— ?fi:Sig-att6_j:t:j& 
^T-^Sfcfe. fSi4S^*J®II?©g|t3&:7'D-b^^:S-r 

So 

[0 0 6 2] $*,CJt*^l: otftK, S7iS2S^© 
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[oo6 3] ttc *miici&2>$myi&tc<*:ti\** m 

[0064] 

[oo65] (mi <Dmmmi&) m i #^o!fr i 

[0066] 0«1f^T-<TSSr*0. COS 

SlOOiiCGaNA^Tll 1, nMGaNn>£ 
^Fil2, nlGaAlN^7^FI13, niGa 
NiiStiU. n^GaAlNtw^70-p^ihil 20 
5. InGaN^lI^p (MQW) rStSil 6, p 
IGaA 1 N*-'*-yu-fJ}±m 1 7. pIGaNi 
iSil8, pSGaAlN^7^FI19«gM$ 

«m be &tc£ -ortf^n-Sp 

[006 7] pMGaAlN^77F119(iXh7'/ 

tc&tyzvv fbi 9cc^ h7-f^©«j <9t?wmi& 

Sht^S. pfiGaAlN^7?Fil90«;»^H 
m^nMI nGaN7^^e6@2 0^3ltRW^a^^ 30 
JBSSSti. FBI 9Rtf3fcHiM>B2 0± 

ft^CDlSa^J&gk, MOCVD^IiMBES^o 

[0068] pIGaN3>^^hl21A^niGa 
A 1 FB 1 3**r^af»WCC|»*3ti. nMG 

aN:s>**FB l 2CD— S5#gHJ0n>£ o -^Or, 
pSGaN3>^^ KB2 l±ttiSpg!jmg2 2 ^JBfiR 
Stl. nMGaNn>£* KB1 20BffiaLLCCW:nfflJ 
^@2 3 7W£j£i**aTl>& 0 40 

[006 9] #^»2ziK::teW£ U— tfOrSteBSfl (« 
T. arMifcl^JiJ, In.Ga,., N#F1/ 

In. Ga,.. NPfSB (a^e) fr6Q?S&LtK?# 
F (MQW) OrSttBl 6©W(Wec % G a A 1 N*-/< 
-7nH*liJB15. 1 7 JkZFG a N^liftB 1 4 . 18 

fc:<fc^ *g&B, +t'J7t-A'-7P-l!S±iX«f 

(DM^ffl^tl^o 50 
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[0 07 0] £tc, ^mmmrCk^ In. Ga. Al 
, Bt-n-r-t N <0^x. y. z, x + y + z^ 1) ^ 
tt«*644nS^77 KB 1 3«I nRtfB£#£ft 
l^ftGa,., Al, Ni^lB^n. 56^r§ttB16 
ttA 1 ***ttt>fc«>, MQW*«SR-r-&#FBa^» 
IIB«-en^nin. Ga M NMIn, Ga a _ 8 N 
<hg|fai*ft£ 0 SStC. I n u Ga ¥ Al. B,.^,.. 
N (0^u. v. w. u+v + w^l) Sf**4*>6ft* 
PS^7^ KB 1 9«I nMB^^tc^^Ga 

a i. Ni«ia$n^>o 

[0 07 1] *«C % «±<Dcfc^CC^S$n/c^f*U- 

ir©f»Bfcoi»T»E*S. ft*. — FlHffil. L# 

[0072] <*«WWt*- F«W> 
»*U-tfr», XF^^^-CnSInGaN^ii 

WK«BJCT**3 < ft 0 . *T*WCCJB»*» 
WW^nt^t- FOWfc^MTbti*. 
[0 07 3] CCC V nSI nGaN36Hii«)H2 0© 
I nffl^«. tSttBl 6tC**tt& I n. Ga,., N#F* 
»© I nfflflcJ: R5ESnr^4. ffi^t, 3fcH 

#FBO><> F*> v ^x*Jl/^-<t t) t*8l>, 
[0074] S6(c. 3KBiA«)B2 0©Jl»T^iXh^ 
-<:/SBOpSGaA 1 N*^* FBI 9 0JS»r^U;9 

X h5-f :/SSOp§SGaA 1 FBI 9©^'> F 

[0 07 5] COJr^icx h^^^a5<fcD®5r^OA# 
H36BK&8WB2 0^*-SCCfef6j6-r«ffira»f^*/h3 < 
ft£o C<&ffl*fcEK©»0r**. -Tftfc*>. 7fc£liAtf> 
B2 0««S&g«:SfOr8iiRffl5fe^-c*^/c«>CCz» 
^-FOi^^t^. CO/ctf), ^S^e-FJWStt 

ytma^m 2 o cc«fi*aa^s«?>T/h3 -rftfr 

7fc^iAg>B 2 0 O^HfJr^O^tfVJ^ l>tc 
tS^W^cx h7>f ^95J: *) WHtrftMhS < ft 

[0076] zttbzt. m\ic^Tffim<D¥mfti<~ 

Iftt, xF7>f ^©^FflSfflWf*^/h3 < , 
-K©3R3E{kK:««)r«ttr**. rftt>%. ^h7>f 

[007 7] C(DJ:^ ft»5^Btt«fitt. *BBii«>H 2 
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[0078] m^Ts zcDZotm^-YmmcDtzVHD 

[0079] 02 (a) a, 7 v^^y^t^b^^y 
ft t (o^mmm *m An eq tau ^ h ^ -r y^x o>% 

BliA&Jf 2 0i::3 7SSig&2;©8&g (piGaN^il 
7£T©S§SB£) h out S«#i££^bT^5o 0 

2 (b) tt, ViZtttZMfkao Ml»t- 

*tf<£M±£^b-t^5 0 

[0080] ztit>(DmT-&, 7 bU7$n(Dmm&* 

nMGao gsAlo jgN/n-GaN (0 ? l/zra)/ 
MQW/piGaN (0. l^m) /pSGa 0i85 Al 
0 .i 5 NtU 7 h^-f ^<D^«jg?£nSGa 0> ' 8 5Al 
0>15 N/niGaN (0. 1/tm) /MQW/p'iGa 
N (0. l/zm) / P SGa 0i85 Al 0il6 N (h out >u 
m) /nllnGaNt btS^C^^fll^W^n 
■5. 

[0 0 8 1 ] ^]0{C;fcV%TMQWfci:, In 018 Ga 0 82 
N^Pl (2nm) / 1 n 0 i04 G a 0#96 NpiMJi (4 n 
m) 5*f&Sfi|i?Ki;, 1 Ott$>£mf&£<D 2ii 

[0 0 8 2] g#8^E- KO^fbtCtt, iSSifc^E- Kfc 

*>S«fc-5£, d©8Sj&*£>{±h out £*£<bfc;5#& 

i o _4 ma©s»r*^b<±^^u7aAicj:5r7X^ 

^ct^^«lig4s?F^i:%S. fl^T, h out ©ffil± 
0. b<J±0. 2/imtTF£i& 

£-f £©#ftV>o 

[0 0 8 3] 03 (a) tt, h out =0. 
©bt^SaSt&gJ th {cgiU ^ b^-fz/IStctt-r^flc 
#f££^bTV>£„ 03 (b) fci\ IS]h out ©t§-&©a 
0 , AatMU ^h^-f^<C*t-rs«c#14^^bT 

[0 0 8 4] * h^-r :/*I#;*;£^i:Aa#/J^ <&5 
fcfeii5#:^-K#$S£b^<&.5. -£;*h5-r:/tl# 
'h^V>ta*^-K©a*a 0 m<5:oTL§V^ 

[0 0 8 5] ££04 (a) £V04 (b) tf>t<to 
#ra>A#>JIfci\ ^©ffi^*»^«i«k:^:g<^l- 
5o cae>©0«±> 7 h^-<^gB©g«ii^nSGa 
0.85 A1 0.15 N / n ^ GaN (0- Um) /MQW/ 
PlGaN (0. l^m) /pIGa 0 85 Al 0il5 Nt 
U 7 h^TW/ffilgfcnSGao'ssA 1 0 ' 15 N/ 
nIGaN (0. 1/zm) /MQW/plGaN (0. 
l//m) /pIGa 0<85 Al 015 N (0. 0 5//m) / 
I n G a A 1 N t bfc«-&©g&IS4?§£jg#r bfe t, 
©T-&3o ^ h7-f 7"^CiJlt^nSI nGaA 1 N/f 



[0 0 8 6] CCT% MQW&, In 0 2 Gaj j N# 
Pg (2nm) /In„ 0 5 Ga 0 gsNP^SJf (4*nm) 

[0 0 8 7] 3£T\ 04 (a) tt, #ffl&*!>Jl#In 
x Gaj_ x NJtllGa^ A1 X N©*§^©;* F5-f 

^^©^ffis^f *m a n eq t mm t © m& £ ^ b x v \ 

JBSfS. C©«*ij¥fcSi#B\ 0 4 (b) iZ7F-f£5 
©In T^-^^j&fflKilbfctr— A^fi>&#5 
[0 0 8 8] 0^x In ^0. 2©^{±, 7h7 

-f m-ciiifi^iqi©#^^- K#^j&£ti£^#|:^T-& 

[0 0 8 9] #B?i£#>jifc^ 3?«Uf ©S#f 2£«fc »3 

•fe^^l^S^T^Gaj-x Al x N£ffil-»fc*§-^ 04 

(b) tfn^^ #8«*«#3o©^fc::0-aSTS 
*o^l©^tt N 7fcajAfee©A 1 h 

ee©^7^ Kg©Aiiia5gj:»)^^ <, -r^t)*.^^ 
ioo9o] m2<D^m±. 7feraa«>g©A i&jf£#* 

z>v fm<DA lfflMtCjfi^^fflT-fe »K />^VNA n eq © 

[0 0 9 1] ^3©m, 04 (b) *T-&g-r^£ 
P9§T-ifctK >feraii«)g©AlMfi£A s ^^'i' Ka<©Al 
fflfie«t?)'h^<, M^«cS©Al|gjS < tr)At <, f 

bTVx5o C©S^«^0: N 04 (a) Iz^-T 

t> An eq *sftx-fet)> 7 b 7 -f ^©^fffiJB^f^^ 

h7-f 7-rt©^ffiS#f^<t <45„ 5&4b\ «L©M 

[0 0 9 2] 0 4 (b) X'its ItmihtbmcDAl 

[0 0 9 3] *«WCJ:4ffl5fe«iHgJift-5v^tt 
S^«3i*ss*#|^- K©$^fb©^x-@nT</^5c: 

[0 0 9 4] 05 (a) tt, *Jf§««S, llJajfsp«« 

7*(i©«c#ttS^bTVx5o 05 (b) fcU IBM 
£^©^i£§ytov>T 1^^- Ktattt-K ^:©ag 
^Jl^MAafclOVxT^ 7Y^-< y^CDfafr&Z^ LT 
v>s. t-A^tttt'h^v^^HS*ss*bv>. ^*fS 

i bv>. 
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[0095] m^n^xofz, $mm&sitts 
[0096] zn£*tu a**isaa*±vfi*«stt 

S©§g£©p;ST-gttT^£c: 
[0 0 9 7] (SflKfiQflt*- KfflW) £ZZT\ In 
GaAlNlf^iSJM^T-BaSii&SOfcJ:, Mx.ttGa 



(GaAIN) t^^^^tf^^5ci:T-feSo C© 
«©*7y»fc|»«fctt % Alfij*fcfi«"rs*SRtM± 
GaAlNJf©JS££®^-f s&gtf&.g,,, Al 

©fe»£fc*g«eU:©B*r*£ (BP*>Stt/fi:©Al 
, AVirry KS^H clad ^ST-fe?. 0 rStt 
Jl&JSd, H®i?H clad , KJi-SttJB© 

a i x Al t®&*- mxa tvm&z m 6 

(a) AVm6 (b) c^-r. 

[0 0 9 8] mfrbfrfrhJiotZ, AX A1 #*t<, H 

2 0 cm" 1 SSi7/h#<T^nK+»T-$5. 
T% a&l 0 0 cm _1 <t t)/J\^< 2 0 c m _1 J; 
«eB£##S£:, &© (i) ttjioiztzz. 
[0 0 9 9] 



0. 18 (AXjud/A) ~ 1/2 ^H clad /A^0. 2 7 (AX A1 d/A) -1/2 

(1) 

(a) M09 (b) 



ftoTx KS^H clad £c:©3BB£^^-.5c:i: 
Cfc^ g|lj&RBSfc*7y*#*£b&^IS£©J9;* 

t- ^ v -if mm &m e. n 5 „ 

[0 10 0] CCITn ±13 (1) SCInGaAlNS 

t&Zo ZCDtztb, Z^v FSJ?H clad tf+^# <& 
e^lfii (Sig^ra) ©»iK*jias£ii¥«i:& 
«^KJ:^Tfcib£^<6#Sb<*£<&^Tb£ 

[0101] 07fc±S CH-MQW«it{c43lt-5^7^ 
KJfJPH dlad #UfcjbV l»J»H wide 
©«IMg^©g8&©— 0y£^bTV»£<> dCT-fctJf *itii 
i: bT. nSGa N/nSGa 0ig5 Al 0il5 N (H clad 

>" m > AH n 0.06 Ga 0.94 N < H guide >" m > /M 
QW/pSIn 0 , 06 Ga 0iS4 N (H^^ xtm) /pi 

Ga 0.85 A 1<).15 N ( H clad>" m ) /nlGaN©^ 
©ttgGajSr^bfc. MQWIiIn 0 2 Ga fl 8 N#pf 
(2nm) /I n 0 05 Ga 0 95 N^S® (4nm) 4*1 
Ott<Dmf&t bfc. ifc«^©GaN©DJ5iR^(i5 
0 0 cm" 1 }: bfc. 

[0 10 2] 0 7©m^^fc):3|$^-K##£b& 

0lttlSU:!>±#fi*««8Ti&»K £±D©lffi&«fc!)T 
#9*®JB«r**ttflmT»«. «IW)itttt±'Tftt3tEB 
&#>&»r#0 b£^m$£&gJ th #&pg*i; 
C©«^*@8 (a) £tf08 (b) t^bfe. 



[0 103] £tz, 09 



09 (a) 



ttH guide =0 - 1 MmtDm&T-fr*). 0 9 (b) I2H 
guide =0 - 2/imffl^T^5„ KWm$,<Ds^ * 

0 1 0 fcfci#75Jf © I n*&/&#ffe©fB©ti-£icoU\T> 

H##4BEr*«*©«iSi*^bfe. 
[0 1 0 4] 08 (a) &1508 (b) *>£>B8 e> 

•5^ b§v^e«e©fe46tH:, p^vvmmn 

C l ad £. ^r&-K##£b&V^^©^A>£>+#£f 
GaN©iKJK£&$fc£5 0 0 cm^tUfe^ffe^^ 

-K©#«b^vl^-*«|t£&i£<fc.5 <> 
[ 0 1 0 5 ] 0 1 1 Kttftfljf G a N©iRJ&&i&£>s l o 
0 cm''(0lS(5§$?- K#m©m^bt, 
0 1 0fcit«bTfc*3<t-5£, Ite-FCML^ 

H®J5H clad ^«Si?H guide fS^Clik^ 

ra&tttt (i) sti:H«©jBdCTS^qiigT»3. (i 

L£©&ffHU ( i ) SC^SttJiff d*«'J»*v^a-^©jc 

g£^trJS^3«£i;&£;Li:;6><SK (1) it© (^X A1 
d/X) -^©fttotjfc (Ax A1 d/A) _1 £fflWc* 
#&#fcj£ifelT-£So M^Utt, 07, 01 O^i^t, 
C©*f*5JilT©J:d JdiSMT-^ 5. 
[0 10 6] 



Ax • ( H core/ A > • (H c i ad /A) >0. 08 



(2) 



(11) 
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[0107] zziz^istzmm&cDmT-tt, ax^wt 

[0 10 8] Ax = x A1 +y In •- (3) 
££Tx A itt*7«s> KJi©A £fcy In t±=i7$I 

i^a±©x A1 ©^!)|:x Ar x In (x In tt^^>j; 
K/f©IniSj£) £fflV^fcf«£^ 0 ^fc37»Al 
nS»^{C0:|Bl«t; y In CDftt» t) t y j n - y 

[0 10 9] lt?lfenSGaN/niGa 0 85 Al 
0.15 N ( H clad>" m > /nSIn 0 0(i Ga 0i (| 4 N (H 
guide >" m ) /MQW/piIn 0i06 Ga 0i54 N (H 
guide 

Am) /pIGa 0i85 Al 0il5 N (H clad /zm) 
/nSGaN©#IT»i, x A1 = 0. 15, yj n =0. 0 
6 9 ( H guide =0 - 1 J" m - #^1 0©t§-£r) fcft 
5. d®«-&tc (2) 5ST--5-;t£>ft3£7y K®^©^ 
#I±A=4 2 OnmCD©^ H clad £ 0 . 2 4 4/zmi: 

&s. ^*.(2) j$,<DtEmtt.^7>$L^0%.m&&b<Dm-£ 
^itfstcttjfcbTv^. 

[0 1 1 0] ±I3^7^-^Ax • (H core /A) • 
fctt, Jth/ d act SCStioC, Jth^d 



tlx £*Wi-e&£3>*£ bJf^©l>MK&»©;*;&£fc: 

#>Ti5vv®-£##^©T\ RJR«»*£fc!>»S. ft 
*>% Jth ,±d act tt,tt#-T*. ffib 

§^ftYbClid act *,/h$< bfc;S#&v>o &!z.&mi 
2T-Ax- (H core /A) • (H nlad /A) 
^tJ th /d act ~2xl0 9 cm^ttti. 
T\ J th <10kA/cm 2 £TZtzlsblZl± s d act < 

o. o suTnt-rz&wwftZo ^©ttHKims, m 

[0 111)feU:i>^ InGaAlN^l/-tffH:, 
(2) SC^bfe^*«tVrSttS^Jl{cMt--5JWTcD 



[0 1 12] d act <0. 0 5 /zm 



(4) 



act 



fctAx • (H 



core/'*-) 
Ax 



< H clad/ A ) C**< 



St, ?^cs^i<tt, d act £#r©fgB£ir a t& 

[0 1 1 3] d act go. 0 4 5 um -(5) 
&*>\ 01 2A>*>fc>a>3,fc5fc, Ax - (H core ^A) 
' < H clad/ A ) SftO^it^ttiK, n ^ h 

[0 114] 



(H core /A) • (H c i ad /A) £0.1 



(2) 5£$>£V»tt (5) sSfct^vy KJIJPH clad ©T(!g 
•y KJf T*©mEP$T^*^Buj£©£7 s> *SS£^©e3JS 

tf^rs. dn^ES-rsfctotui, H clad £#;©&B 

[0 1 1 5] x A1 • H clad gO. 1 urn -(7) 

Ax, (H core /A) • (H clad /A) 

fens. 

Ax • (H core /A) • (H clad /A) 
i:l±£i;i:«)£i:, ^7'yKIfH clad ©iiJ:LT, 
TPgfct (2) SC. ?^HMU<I1 (6) SfCRJtU 
±Rtt (7) ^ £*>fcS£b<li (8) st©&ffl N 

u<i± (9) sc, *e>ta*u<ii (i o) ^©^at 

[0 119] dfrfciOxT* «tt)f#pjfffd act £ 
(4) 5C£6CS£b<fc£ (5) ^©^ffl^^-TSC: 

[oi2o]07~0ii-et,d 

«&JI©I n*§J?£#&3gg;*:£<, fro^&Jf pas* 

(Vln) 1/2 • (H core /A) £0. 

# etas u< a, wT©«HfcBbr«itt«fc!>«Fgft 

(yi„) !/2 • (H core /A) £0. 



(6) 



[0 1 1 6] x A1 • H clad |0. 0 6um -(8) 

<-rs<&5ttfc<, (2) (6) ^mtz^mm 

T-;&nfcf±|!B£&© (9) SCT-sS^-rsctti >), * 
7* HS-e©*JEP^T<&fiMT-^-5. 
[0 117] 



SO. 2 
[0 118] 



(9) 



CI© 



gO. 1 5 - (10) 

(a) SV0 8 (b) #bs) 0 ^ oTn d©ia^:S|jt 

T-^So Cl©«gilttWT©j5^T--^x.e.tlSo 
[0121] 



1 5 
[0 1 



(1 1) 



2 2] 



(1 2) 



(12) 

21 

Tft*>*>. m#M# I n£^, ^o(ll) jZZtclt 
(12) ttmtc?J:>?lc&%.?i\U. 4£U#(,>ffir. 

mtWZm 1 3 CC^T 0 C©^ri*MQW<D«|jg£ It 
I n 9 . 2 Ga 0 ., N#FB (2nm) /\ n«. 05 Ga 
6 . SJ NPIIi(4nm) * 1 mMtf 

£T (2) 5S*$<fctf (5) a^^lfcltC^. * 

fc [ 2 ] - [ 8 ] ttC tlCCjjn^T (11) fcjS 10 

fclWS, [6] ttS6«C (1 2) SE©*ff=tj«ft:L 

[7 ] % [8] ©J:9CC#»»r*orfeJ:C». 
[ 0 1 2 4 ] 0 1 0 <tH 1 1 *Jt«0T*>^4J: 5CC % 
:3 > * * F B^<D FBi*flH<DB©H » * ^ ? 
FB©ffltt*£9**l>»^«:tt. »JR«tt^*i»* 

©(13) 5£~C^£h£ 0 
[0 1 25] a^l 00c m- 1 - (13) 
^^^Ktta^SOOcm- 1 - (14) 20 

-r» % ^fttt»K*K<r-2>«^CC*> > InGaNn> 

F=F * * 0 fc/J\3 F*> ? ^itolnGa 

[0 126] (G£l>«l<£>ffi«) ^fift^-#F (MQ 
W) «JSttU— !f©U*C>fflH5«CC#»"C*S. #«9i 
I nGaA 1 N»<0^f*U---tftt, CCDMQW 

^ffiffi8^**»S(cSVr. Chit MQWfc:<fc£b# 30 
[0 12 7] C0M^ 4 il4 (a) -014 (c) 

&m>TH9rrs. si 4 (a) ^*o^6x f 7 

-?W£fO\ nGaA 1 NU-1fCC:bW4«»^*7SO 

rc>*. c<D«j§r«. «fN*ttfcJ:&£:ra*~Fjfe 

(o-m^mm e^rnc ft & . 
[0 1 28] c*i«:i»<«:tt. ^h^-r^e^*<*r 

KMBPft&tift < ft 9 , ^rKttffittftffijK 
it<J:9. HI 4 (b) ©i^CcaT^r^artsiK^o 
*tt0«*«*- F«B^»6htt< ft*. 
[0129] c*itc»l/t , **!8Cc<fc&«*- FMB 
«ttrw\ 3Mii«>fBk:j:0*««*--F*j»es*i* 
^i6Wftffi«cJ:&%- F^<Df»(^rf«c< % S/ctEH 50 
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i^a^ms^5eB<D®safeWcuri>-5)/c«)Cc, mis 
(c) fcffiUtcj:5i£pmx>2 ? bmvnffi&fe&z 

[0 13 0] (*t , JT*-^-7D-Bf±) InGa 

<b % ch^wr**. XRtottA'Cit ^^^f»«c 
J8i>*<J:5ftA naaE©A#t>ttfit?l$«:?B**«;T« 

[oi3i] + ';rifflK"Cfc** 'Jt^^wp 

Bl 6<t2gi£Bl 4. 1 Bt<om^ GaA 1 N*>6ft 
** + i;T*-/<-7a-i»jiJB 15. l 7*»wrt> 
£ e C©*-'*-:?nH»jfcJB 1 5, 17«5nm-5 

[0 13 2]CO*w^D-IBj|:ilt *5*FB 

nGaA 1 N*r«\ J:btS[fiOTC>*+ V T«K<DnSG 
aAlNMifi)Ett*/cfe nW-^'-7a-K 
jLBttft<T£>Si> 0 flU *§llo*7*a^~3fc#3? 

o 1 7 c m- 3 gK#i>tt*h«±©* + y riggo 

77 FH«ffllr»««^Ki« % *t';r*-/<-7n-B 

±BW>Fg<fcft£ 0 

[0 133] pl^? KB 1 90+t»;7?SS^ 
«^©pflB*-/<-7Ci-|»jhBl 7<J«a**iai 5S 
SI 5ttpi^7? FBI 9©*+U 
rige^l x l o ll cr , t l oHWitBfl* 
Aotl^l^ico^t, 'O Fttfi&Cftt^&jETL 

148^6 pI^7 ^ FBfidCC^U^m^CD^-^'-^P 

[0 134] C*l6C*tl/T, SI 6«MQWrS&Bl 6 
ip«»Ml 8<tO^CcGa 0 ..sA l.. ls N*-^- 
7P-RS±B1 7*RWfc»^**Lrc*&. CCDBl 
7 (c J: >) p «K<D»T-©*-/< - 7 a ft < ft 

t^SCi^S. CCDSrtt, p|ffl^&B18«y 



(13) 

23 

[o i 3 5] + t , ;rt-^7u-Rf±0»^ * 

-^-yu-ffi±mGa x _ b A 1 h N<DA 1 W&h&Jz 

<hfr£„ 4$&C h#0. 2*ffi^^i©f^JE_h^^ 
^Kfc£o *^-7PH5MJtCDAlfflf&h 10 

tt. 

0<h<0. 2 -(15) 

[0 136]ft*s. * + VT*-^-yu-tt±mteG 
aAlNWfc(DWcC<, Mfc I nZ^i*b<DT<h 

^>r £fcigKB£^iffcor&^Tfe£i,> 0 BP 

^+t»;r^^-70-|!S±i^ In, Ga t Al 
h Bt-.-t-* N (0^ s. t. h. s + t + h^l)^ 
^^.tOt'OK^* ?7**Jl¥-&*iZ 
\<>i><D-e$>titt£l<K £/t, ^TL4>MQW®CC^Lr 20 

[0137] ±«bft:J:9 «C«0»gWcj:titf, I n 
GaA 1 BN^^ftb-tfttfcur, y^^afU 
j6»CC*^* KB©U yis&ZBf&U. -eofflffiCt*^ 

[0 13 8] (fB2<O%M0^tt) HI 7« % 

[0 13 9] a*3 0{Jif7r^T«Sr^0, COI 
fi30O±{CGaN^^7Ti3 1, nSGaN3>^ 
^M32, niGaAlN^7^F133, niGa 
N^z£B3 4. n^GaAINt-A^70-RSjhi3 
5, I nGaN^6^c^-fi^#F (SQW) rSttfB 
3 6. pMGaAlNtw^7a-PM137, pS 40 
GaNiiB3 8, piG a A 1 N v KB3 9 MS 

DS*c>ttMB Effi«:<fcortf^*i-S a 

[0140] pSGaAlN^77F139»Xl>7>f 

fc<fc *) * ^ ^ KB3 9 CCX b 5 A v VWfi&til 

StlT^S. piGaAlN^77K1390'j7^SS 

twic. n^i nGsLNftm&&m4o*mvwicm& 

fr&l&Zti. Zhtctzrv KB3 9RCX3eHii«>»4 0 
±«ctt % pSGaN14 1. pSInGaNn>^^h 50 
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OCVDffiSiOttMBEffiCCAortftoti*. P^In 
GaN3>^ hB4 2rf»e>nMGaA 1N^»F1 
3 3*T*s»»B{C|»*3ti % n^GaN3>^hi 
3 2<D— SP#gffiLT(,>£ a *UT. pMGaN3>£ 
*KB4 2±CCttpfflJ«S4 3#^£3ft. nSGaN 
hJI3 2<DKiiW±K:anMm4 4«qm3 

[0141] 4^gfflffl$j8*SH 1 CC^LfcSr 1 ©IHB&« 

[0 1423 C(^8ft»Bm £6fc::3>** hB4 
2iLtpIInGaNWTC^ 0 pilnGaN 
«pMGaNKJt^T>>*> K*¥> ^MM^©^ * 

[0 14 3] <ft3®^je») HI 812* ^«<D0 

[0 14 4]S*5 0«nlSiCi«r*0, C<DU 
S50(D±fCniZnOA'-,77l5 1, nfGaNi 
52. nMGaA i N*^? K§53. nSSGaN»« 
154, nSGaAINtw^7P-MI5 5. I 
nGaN^it^F (MQWjJffii) 56. pIGa 
A 1 N+-^-7P-Kf±B5 7. pIGaNSS15 
8. pSSGaA 1 N^7? KB 5 9tfffi»BJft34rC<r> 
«t*J. Cll6(D^g»MOCVDffi 4 MB E 

[0145] pSGaAlN^7^ KI59tiXh7^f 

fc<fc 0 * =7 v KB5 9 h 5 >f v VWmrSu 

SnwS. pSGaA 1 N*^? KB5 9<D«; 
feW(C n9I nGaNXGfli&<e>B6 0^il»W|K:«3& 
*JMK3IV S6«c^79KB5 9SWHSii«)160 
iifctt, p^GaN3>^^hI6 1*«IM^nr 
^4. pMGaN3>^^H6 l±{C{ip»| 

^g6 2^^S3n, nS!S i CS«5 0 (DgffitUin 

[0146] mm 0 £ Lt»«tO 

aflS i Clfitffitr'tlr^. CftiCfctK mfi£^±T 

[0147] tt±<DHjSf^rttB3MIi L t I n 



(14) 
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£VMn p Ga q Al p B^q-r N (0<p_i 1, 0 
^q, r<l, 0<p + q + r_U) -?&ntf&t^. £ 
tz, *f=7*j KltiGaAlNOMet, In, Ga y 
A 1 2 Bj.3j.y_2 N ( 0 __ x , y, z, x + y+ z^ 
1) £flH>-5C£:#T£FS. 

[0 1 4 8] 01 5^1501 6T^S*Vt05 ioCM 

ufiii.a©HEg©-oi:^s. z.mt, mqw©ji&# 

©JP££>h£<t-£c_:#Wa&T-_?£. WflJl© 
jp£##pji©ss£;a*fc^j;d£i&rrafcs it** 

[0149] (Sg4©HJ£M) 01 9l±#£_BJl©fg4 
©|(EII^«C«t)i*#ft:i/-1f©*j«*^r(SliiiaTf 

[0 1 5 0] 0*7 oi±tt7w:pa«T;&!K c©g 
tR7 0O±tGaNn977l7 1 , nSGaN3>^ 
*t-J172, nIGaA 1N^79 FJg 7 3 , nlGa 
Ns?_SJi7 4, I nGaN^fiM^#p7 5, piGa 
N*|_5Jf76, pSGaAlN^77K§77, p__G 
pil i-GaNftBBitoJf 7 9# 
ff*fi£;.nT^-S<, pll nGaN7_aiift^7 9tt£N$ 

tpi-^* h«©»ffl**fcu-t^$. ;_ft6©& 

llja*ttMOCVDi**V^ttMBEatJ:-s.TfTt»n 

s. 

[0 15 1] piGaN^f>-/i7 8MpSGaA 
1N^7 9 HJB7 7ttXh7-f7»».HiV^T*7» H 

eo^+*-cjif ^>^R**$n. _nti^7^K 
s 7 7 h ^ -y 7«© u » ^_B#ffM£ftT <^ s . c: 

©ItpSI nGaN*ii_«)I/3>^^ M7 9# 
ff£f££ft-5o d©*gHJ*ftt)MOCVDi.^V'.ttMBE 

[0152] pflnGa N>_R3&4&Ji/_J * Kg 
7 9 6»6>nf_GaAIN^5^ KJI 7 3 £-_#gB7>f$£ 
BfcS;*ft. nSGaN.^f bJI7 2©-Si5#Stbb 
TV^, £©&> pSInGaN)tai.«>I/3>i?^ 
hS7 9±t_fcfcpW©@8 0, nIGaN3>^^H 
7 2 ©Utti-WiKttnfiMMi 8 l#flM£ft-5o pflfflm 
@8 0t_(is #J;tfcfPt/T iN/Ti/Pt/Au(Z) 
9UI4ljgU nffita8 1Ctt, #RfcfT i/Au©«i 

[0 15 3] C©1^— !f ©^tt^SPtt I n a Ga H N 
#Pi/In e G ai . e nmmm (a£e) **>&5# 
ii?#P, SlfGaN^l>&|&ltfcSCH«3ifc^ 

(0 1 5 4] 01 9K^Lfcm£©#_ntp§_I nGa 
NftBljiiajf 7 9#n>** hJf fcljtfcTVx 
ho Z.<Dtztt>. *__!d&ftfct2[HlT-i§^ 2(5Jg©Sfig« 



©«iiT-tt, «_^«C#UTIfttt«ft©**VN I nG 
a N/i#* h7-f 7*T«__JBC3_JS LTt&tt _> nx V* 

ffi.fc_'J*-f<fc»K i_tl{C«t?)7k¥^lRl©«^-h*Hii 

[0 15 5] _OlgC*B-.««»*tt, pS 

GaAlN^7-vKI7 7 .pll nGaN«t!)I 
7 9 t©F^j©^nBg{_J:!)||^n5 0 IP*,, 02 
0 (a) t_7j^bfc«tat, p!GaAlN^7^ HJfi: 
Pll nGaN.^^ hJf £: ©|^@ t4.lt -5 MW^JI 
©>^> K^SM££»)__t3-^uPfg©;/_«>&_, _:© 

ttv pSGaAlN^75» KJ17 7_pSInG a Nr. 

bJ17 9 J_©ISfc-il#©f|>W©^> K^r^ 
*;u3f-£*r1-5p__GaN*-\' 5/^7 8 £>ft 
TV>5fc#>fc-s 02 0 (b) t^bfei^iCvr DPfM 

[0 15 6] InGaNi^Biifti/n^^M 

if ©** z^iti: UTSiv>fit&ii^-r- 

S. *»IB#6©flRCJ:ft«s I nil&fig^O J: 
^InGaAlN.g-IJ fc^jUT- tt. ^ ©T© * ^ v K 
m(D3rVi)7&&&&<tJ:hZtifiW*>1l>iZlZ-D7to &i 
xK, GaNriy** h^©^©^{clipS^ ^ v Y 
moirWT'mm&l x l O 16 cm"%TT-fet>7.t,0 
I nGaN»£IS:l*3-:i:fc-i !K 5xio 16 cm 
~ 3 tU__:^-£c:i:#T-£fc. zti&ykm (H) ^..i* 

m g -fe ©^sttfb^wj^ z t tzmmr z, 

t)<DT'&ho dttCtDs InGaAlN*li_^15 

[0 1 5 7] 0 2 (XDmUWT'te, pS^7<yKJf*:+ 
* U7S_Jg5 x 1 0 l6 cm~ 3 ©Ga 0 85 A 1 0 #1 rN, p 
S-^i' bJftf** 'JT5__in x 1 0 17 cm%ln 
0.15 Ga 0.85 N - P*t^71tf*t'J7^glxl0 
17 cm" 3 fflGaN©l_^Utl^. _ne.(D^_^ 
CiniC{Kott)©T-tt3&;<, pi^7^ ymt 

[0 1 5 8] 02 0 (a) ©pg_^7>y Fi.pS_> 
^fhS^ ^n-enpSGao gsA 1 0 15 N (=**'J 
1 0 16 cm -3 ) , piln x G ai _, IN (^r 
If VT^B. 1 x 1 0 17 cm" 3 ) ©^-&©«^£t— *E 
#14*0 2 lfc^-r. 0 2 0 (b) ©**y:7Jf{__x = 
0®GaNT> ^©^-&{Cl±«ff~3 . 7VT*b— tf$_ 
fitfff^n. (C©«EHtt3>^i7 hffitfttfli^toT 
^^tl>) . -^s I nfflfSx^^ <^Si:ft^^^n 

(~3. 7 V) T-©m»afflttl/2tlTi:^!)> El 1 9 

c^-r«ii©fc^j_+7>^m^^^tf^e)ns)„ 



(15) 
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[0 15 9] d©^D^{cj;5«^PI±^tt, p 

pS^7y KlC+t 'J7^gtf 1 x 1 0 17 cm 

01 9£^f«iIfc;fc^T^oeMK«fc, 5 »a!tPfl 
±&3t£+7}*#£fc£>fc:tiU pM^^'vKgCD^^UT 
£S£1 x 1 0 17 cm%T, P^^ 5 s> KfCA 1*§ 
fiKtpSn>^^ hJf©In!gjj£©#]£0. 2 5iil±t 

«©Hj&#' p 32* 5 y Kg* * V T^Jgtt<£f £ & 
l^StfA < , S$b<fct5xio 16 c nr 3 «±as£^. 

[0160] £tz, ^7 L amm££zmmm±%}mktp 

m G a A 1 N/ p M I n G a H<DMfr-£t>'& t PI 5 * © 
"Cttfevv, d ©jm^fctlfi/jgfc: «t 5 y >r£* 
< i: 3 d £ ifix- & 5 ©Tn if VFflHHOM > K^FS 

2 2tC, nSgGa 0>85 Al 0-15 N (*t'J7^5xl 
0 17 cm -3 ) % nSInjGa H N (**'J7*^gl 
xl0 18 cm -3 ) YmJStXF^yt"? Y 

d©*§^£t*x^0. 151-+^ 

[oi6i] (,^5commm) 023^ *&mcom 

[0 1 6 2] 0*9 0l±tf7 7"f 7SSf$D, d©» 
fi9 0©±iCGaNA«?77l9 1 , pSGaN3>^ 
*hJ192, pIGaAlN^7-vh-I9 3, plGa 
N^9 4, I n G a N^ll?#p 9 5 , nSGa 
Ng&Jf9 6, n®GaAlN^7^KI97, nMG 
aN+fyT'1 9 8, nSInGaN)!6iatf)I9 9is 
J&j£;*ftT^3. nil nGaN}fcB!&#>Ji9 9tt[S)BS 

Cni3>^^ h/f©®fj£*fcbTus. 

[0 16 3] nSGaN*tf7I9 8MnSGaA 
1N^77 K/f9 7H:^ ^^^'7'gP7>SI^V^T^5y H 
I©i+ifx«^>^i4^ft v dttCfc !) i» 7 K 
S9 h^Ttt© 1 ; yv^#ffM£ftTl>-5o d 
©±fc ni I n G a NftSiiAWl/rJ ^^^9 9* 

[0164] nSInGa N^jifeH/n >* <7 KJf 
9 9iPe>pSGaAlNi7 7^ KS 9 3£T-#SPt}i$£ 
Pfc*?fW pSGaNnv** bJf 9 2©-gB#gf±}b 
TV>5. d©&. nil nGaNftBl&i&jf /=)>** 
YM9 9±trttn{3Jlli€il 0 0s piGaNn^i'h 
19 2©§tHSP±tB:p«!im«il 0 l#ffM£ftTU 

[0 1 6 5] 0 2 3tCj^Ufc«iiT-tt, nSInGaN 



01 9©*^J:|B)«£, ejlfigfttt 2 BTfRtr. 

niGaAlN^ 7 -yHI97i:nSInGaN 

ytm&t&m 9 9 tamo^^-amm^ & vnmztiz. 

d©^DPfMt«t5*^PI±©^tt02 2\Z7r,Ltz 

[0166] ^vmmK:£?>nmm±itomt£, 2mm 

fcttx 4>P^©/t> Hftyrm, *(©;1> 

[0167] (as 6 ammmm) a 2 4 a, *mw<Dm 

[0 1 6 8] 0<P 1 1 OtttJ-^y-f 7aSffiT*»)s d© 
Stfcl 1 0©±KGaN,'W:7 7jf 111, nSG aN 
3>^^HH2, nSGa 0>K Al 0il5 N^5»F 
Jill 3, nlGaNiifl 14, InGaN^Il 
f#PM5, paGaNVXI.116, pSGa 0>85 
Al 0 .i5N*5» FJfl 1 7, plGaN^l^^ 
ill 18, pSIn 0i07 Ga 0i93 Ni2*ty7ill 
9, pSIn Oil5 Ga 0>g5 N^aiifell 2 0«^ 
ftT^3„ pil nGaN^^MI 1 2 0H:|B]B^{Cp 
S=»>^^7 hil©Sf!l*^fcLTV'>S. 0^©! 
2 lfcipflSfMi, 1 2 2ttn{B!lSie§T-^2> 0 

[0 16 9] d©0t^Lfe«5tT-O:pMGa O- 8 5 Al 
0.15 N ^'^'H lUpIIn 0 15 Ga 0 gjNffl 

—Jj, X Yz>J7 , &<D>7z>y KJf±fcfct N pfGa 0 85 
A1 0.15 N ^f KS1 H^plIno.uGao 85 N 
7fcKji^ 1 2 0 tC+RS©^ K^r^r^jfc? 2H 

7?»HJi, ftl^^>y^®, ft2^r^^^®, Miife 
[0 17 0] H2 4©KaE»3BT?tt+M^>K* J vy7' 

*&-z>*w7mz2mtistzifi, dntcpg^tcDx-tt 

/SbT, ^^t^pgo^^-v^jf^^A-rSdi:^ 

[0171] (mTonmmm) 02 5&, *i6ffi§©ft 

[0 1 7 2] 04^1 3 0tt-9-77-f 7St6T-St), d© 
SIS 1 3 0©±CGaN^'y77l 13 1, nIGaN 
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Y-mi 3 2, niGa 0 85 Al 015 N^7»; K 
113 3, nlJGaN^&Sl 3 4, InGaN^fig 
?#P13 5, pSGaNi??8!g 1 3 6, pIGa fl85 
Ai 0il5 N^lp^7yHil37, pSGao.ggA 
io.^N^ 2 P^^7'V h*S 1 3 8, pSGaNil^ 
^^71139, pSIn 0 07 Ga 0- 93N^2^+y7* 
SI 4 0, pSI n 0 15 Ga 0 . 85 N7feBii&*!>JI 1 4 1# 
JfM£ftT^5o pSI nGaN3fe^&#>S 1 4 1 tt|5] 

4>©1 4 2fc£p{B!lfKi, 1 4 3ttn0JimSST-feSo 
[0173] >J T&gtt:, jg 1 pM? 5 y K 

S 1 3 7#5 x 1 0 17 cm -3 , i2pl^7^ Kg 1 3 
8*5x1 0 16 cm _3 , Sfell+t-yT'il 39, g 
2^^9711 40, 7fcraa46S/3>^^ M141 
tt^rixfc l x l 0 17 cm _3 i:bfe. 

[0174] zomizmLtzmm(Dttm&., ^sim© 

mi p^7^ Fgl 3 7<D**V7®m$:Xg < UT 

Hl&i&Jil 4 1 tgf5i2pii'7-> KSO^r^U^ 

£5t«bT<^3;£T-fe3. *b^-f :7gflT-*»SE#afch,.5 
Jg3ifci:01 9, 02 3M02 4©«-&£:|5)«-r;&-5o 

[0175] (gi 8 (Dmmmm) 0260:, 

8 ©lOB&IBCff fc5#aK*U— tf ©#ffilt£jf>-r#rffi0 

[0 1 7 6] 0+1 5 0ttt77-f 7»«T-$)t), d© 
Ml 50©±tGaN;t«;77ll 5 1, nMGaN 
3>**bJ115 2, niGa 0i85 A 1 0 15 N£^\y K 
1153, nSGaN#SI15 4, InGaN^SS 
?#P15 5, pSGaN#S115 6, P IGa 0i85 
Aio.^N^ 1 P^7^ Kg 1 5 7, p^Ga 0 8 5A 
l 0 .i5Ni2pS^77H115 8, pSGa 0 85 Al 
0.15N353 pM^^y Kg 1 5 9, pSGaN + t»;7 
SI 6 0, piln 01 Ga 0-9 NftB!&«>Jf 1 6 1* 
JB*R*ixT^S. pMI nGaN7fcaii«>gl 6 IB:, 

0+©! 6 2ttpftltt& 1 6 3ttnffiHtffi?$£. 
[0 17 7] Z<Dm&5MmkLiSttZ&m<D** 
tt, ilpI^7'V HSl57tf5xl 0 17 cm- 3 % W, 
2p^7-yHfl5 8iS5xl0 16 cm" 3 , ^3pS 
£-7 if KS 1 5 9#5 x 1 0 17 cm~ 3 , 

si 6 0, 7tffla«>s/=>>^^ hs 1 6 lttv^-rnt 

1 x l 0 17 cm" 3 T'feS. 

[0 17 8] £©Bfc*bfc*S©#att, r£t4S{B© 
mi pS^7>y KSl 5 7©**';7$£g£*£< UT 

fflii*bS 1 6 1 tm?Z$l 2 pS* 5 KS©** <J 7 

&it«U $e>C*tf7i 1 6 0 i:&T5^3 pl^ 



[0179] (n9<Dmmzm) 02714, **gi)8©£ 

[0 1 8 0] 0+1 7 0l±-y7 7"f za^T-s?), C© 
Stg 1 7 0©±CGaNM.y77i 1 7 1 , nMGaN 
3>^^hS172, nlGa 0<85 Al Oil5 N^7vK 
SI 7 3, nlGaN^Si 17 4, I nGaNfll 
?#F17 5, pSGaNjg&S 1 7 6, pSGa 085 
Aio.lsN^ 1 P^^'f H'Sl 7 7, pSGa 0 85 A 
l 0 . 15 N^2pS^7^ h-fl 7 8, p^Ga 0 8 5Al 
0 .i5N^3pS^5>y KS1 7 9, pIGaN^-x7 
S 1 8 0, plln 01 Ga 0-9 N;ftBJ&«)g 18 1, 
p£?In 0-1 Ga 0 9 N3>^Mi82«^n 
0+© 1 8 3t±p<l!imii, 18 4Jin{RJ 

[0181] C©HSSff^ti5(tS^g©^r^ U 
fct, llp^7yHfl 7 7#5x l o 17 cm" 3 , % 
2 pfi' =? v Kg 1 7 8 tfi 5 x 1 0 16 c m -3 , ^ 3 
^7«>F117 9AS5xl0 17 cm" 3 , 18 
Otflxl 0 17 cnT 3 , JtBiiiiill 8 1#1 x 1 o 17 
cm -3 , 3>^^M18 2tf5xl0 17 cm' 3 T-* 

So 

[0 1 8 2] £©0£^bfc#f£©#gtfci, 02 6 Km 
bfc^8©^Sg^(C^lt5^CtCilDx.T, pfHffl 
'J 7ffig©i^On>*^ Kg 1 8 2 

[0 18 3] i®J:aW>V7^gcDiSU3> 
hS£iS:tt3«fiia:, C©ll»<g£|KSfcCDT-(± 

[0184] (no (ommm) 0 2 8 *m.w<D 
mi o<Dmmmiz^t>^,^mt^]y-if(Dmm^^-rm 

S0T-&3. 

[0 1 8 5] 0+ 1 9 0ttit77"f 7&&T*$>t)^ C© 
Sf£l 9 0©±fcGaNM>.y 771 1 9 1 , nlGaN 
hS 1 9 2, pSI nGaNTtfflii*!)® 1 9 3 

* s ff^^nTv>s. psi nGanytm&&m 1 S3s 

IFn^GaNa>^^7 hS 1 9 2©±gBtt, -£©— gB# 
1 "^>^h, :/«©**%«£*$,, ::© 

±£, nSGaAlN^7>y KIl 94, nlGaN^ 
«1195, InGaN#il?#Pl96, p^Ga 
N«^S19 7, plGaAlN^7-n-119^, p 
IGaNI199, piInGaN3>^^Mi00 
tfM?ntt^. oSD, nlGaAlN^7^Kl 
1 9 4tT(PJltdb©'J <y^gB#ff^^nTV^o sfcfc, 

0+©2 o nipffiise, 2 o 2&nmmmT-&^>. 
[0186] z.<Dmmzm-z-&s ytm&tbm 1 9 ^ 
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mik&m 1 9 3 £m?#Frs&m 1 9 6 utv* 
ztztbiz, xmjLtbm i 9 3 (omm^oy^m^mmm 

$^5. c cD7fen&«>Ji i 9 3{±[§iB§t, mmM 

5?Jf £bTCD«J£fcft^T^3„ 
[0 1 8 7] 02 8©«it^M1-2.I^O^^«tt, 
1 ® § ©J5g«S V 2 ® g CDfiES^ C M 0 C V D fc£M 

[0188] (mi Kommm) m2 9&, *&w(d 

[0 18 9] 0*2 1014^77^78^$ Ds CCD 
iffi2 1O0±J:GaNAs/77l2 1 1, piGaN 
3>^^H2 12, pll nGaN3fcSii«)S2 1 3 
#ffM£ftTV>-3. pSInGa N^fcBfl ji#>Jl 2 1 35 
VpIGaN3>^^ f-J12 1 2CD±gflli, -fCD— 
x^^>^$n. * t^-f 7tt<D&ifiMf&2ftZo C© 
±ts pSGaAlN^7^ F12 1 4, pMGaN^ 
S1215, InGaN#il?#p2 16, nIGa 
N4S12 17, nfGaAlN^7-n-S2 18, n 
IGaNI2 19, nlInGaN3>^^M220 
Vfcf&ZtlT^Zo 0*CD2 2 lfctpflSim®, 2 

2 2J±nfflm@T-$»So 

[0 19 0] CCDHSSff^T-tt, &JfCD^§S!#0 2 8 
KB!&«>#7tera&»Jl 2 1 3 tC i DH:|S£tl,TV^ 

^j±0 2 8<DtM-&tmm-z&2>&. m2 9<Dnmmiz 
n\timm.m^ttpmG&A in^7^ kji 2 1 4 

SInGaN7traii*i>^2 1 3 i:CD-^n|fi?gfc:i q§| 
m£ftT<^5. CCDfUIJi, B5IBEI19, 024~i2 
7 «ff?55 b fe CD i: |BJ«T- % -5 . 
[0 19 1] C*l£T*CDHflii^T-fci\ =ty*>7 Ymt 
VX InGaN£fflV^i§-£-£/Bb;fc#, CCD*mtP& 
££ft£4»CDT'fcJ:£<, I n G a B N§£V»J± I n G a A 
lBNhbTfc&l^. #tp^=)>^<7 bgCDi§-£\ p 
SI nGaBNuSVMipS! I n G a A 1 BNi:-T-5C£: 

C9&lfc#2P£©£#£a!;fc1-®BT\ InGaAlB 

[0192] 3^ &mbV7-rjTm&.izi&%.£n5 

fcCDT-fct&<. SiC, ZnO, MgAl 2 0 4 , Nd 
Ga0 3 , L i Ga0 2 , Y 3 Al 5 0 12 (YAG) , 
Y 3 Fe 5 0,2 (YIG) ^£ffll^6C fc#T*££. 
[0 19 3] (mi 2CDH«g)fJS) 03 Ofct, *&jy§CD 

mi 2(Dnmzm£mt>z>*m&\s— wmfotttm 

[0 19 4] 0<*»2 3 Olilt^T'-f 7&&X&*). CCD 



StS2 3 0©±£GaNMy 77J1 2 3 1 , nSGaN 
hg2 3 2, nSGa 0>85 Al 015 N^5»;h- 
12 3 3, nSGaNi|$I2 3 4, InGaN^fiS 
-?#F2 3 5, pIGaN«|Si2 3 6 ) plGa 085 
A1 0.15 N ^^ ^ 2 3 7, pIGaN^>y7I2 
38, piInGaN3>^^M2 3 9, nlln 
0.1 Ga 0.9 N7feB§&«>)f 2 40, plInGaN3> 
^^M24 1 IfiBl&ZtL-Z^Zo 0*CD 2 4 2 

fct p Mt&x 2 4 3 (4 n fflms? & S „ 
[0 19 5] CCDHJE^CDU-1fJ4i>jCD«td{Cf^^ 
nSo BP*>, *r+J-7 7'r7««2 3 0CD±{3GaN^ 
f77l23 1, nSGaN3>^^M2 3 2, nl 
GaAlN^7s/KI2 3 3, nIGaNgSf2 3 
4, InGaN#l§?#p2 3 5, pIGaNiljjEi 

2 3 6, pSGaAlN^5n*12 3 7, pSGaN 
Hf7§2 3 8, pMI nGaNrJ>*? hj§2 3 9 
ST-SJfife&g-rS. CCD±tS i 0 2 MMU 7 

*>yy^77^fi:j; 9* h^-fy^m^x^mi 

nGaN3>^^M2 3 9, plGaN*t VZ?M 2 

3 8MpSGaAlN^7!/ HJ1 2 3 7 CD — oC^-x. >y 
f^-Ciin^fcCioT, ^h7-f7«©'J>yi/ 

[0196]^ 2@g©^fniInGaN)t| 
i&#>/12 4 0&tfp§n nGaN3>^^M24 1$ 
Mt5. C<D2 0gCDJ5g«H:^ h^-f 7*giJCDS a O z 
K£Sbfc£ £fTfc>ftv ;W:j;!)Si02±i:H^S 

/settee xbz>j7ft.mm(Dfrizf$.^k-rz>^ v> 

y ^ > y 14 2 [5] 1 ©fiE^CDmiT* ^T- qJtgT- ^ „ 

[0197] *n«g^®cD^sta:, -^mmtammizt, 

* bg#* b^^&tf* h^^KfcfiJfS^nT 
V>£fc«>£, :£®m®8iii£i;.5Ch#T-£, pSIn 
GaN3>^^M24 1 fcfe«**sj£A«4c: t&C«£-p 
t> ^>^^ NffiSt^fiMf SCh#T-§5. 
[0198] (Sg 1 3 0 3 1 \±*&BJ}CDm 

1 3©^JEJfc!gK&fc;5¥3$ft^— !fCD«fiS£^imjia 
0T*$>5. 

[0 19 9] *^S©f^{CiJltSgffiittt0 3 OlC^b 

tzmi 2<DmmmtmmbT-$>2><DT; *©i#Ur* 
Kiatt*BS-rs. Rftsffl^tt, 03ot*»t^E>^i 

nGaNa>^^M2 3 2 4 l©ttfc>HCp + 

SGaN!2 5 0M2 5 1 £ffl^TU5C 
C©Jf fc£pSGaN3r*y:/Jf 2 3 8 U ^Sgg 

£i^< (MK7X10 7 c m -3 ) bT&-57t«>, 

[0200] ££ x 031 ommmmx-ii. nm^mz 
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[o2oi] (mi 4 ommmm) 032 &*&nn(on 

T-ftZo 0*2 6 0li-*7 7WTg«T-25!), C®S« 
2 6 0O±tGaNM'y77l2 6 Is nSGaN3> 
**hJf2 6 2, nlGa 0>85 Al 0il5 Ni'77Ki2 
6 3^ nSGaNiii2 6 4, InGaN^llfS 
F (MQW) rS&Jf2 6 5, pIGaN#j|!El2 6 6, 
pSGa 0i85 Al 015 N^7'yHI2 6 7, pSGaN 
**V7M2 6 8#/&ftffM£ftT^3. pIGaN^ 
t5»712 6 SMVpSGaAlN^^y KJi 2 6 7 
fct* /gfrfl-fc^T-e©^* tl«;f>^4 

£ft, cnKiD^77 HS2 6 7{C^ h^JTVlGHJ 
y^gSA^M^ftTl^o pMG aAlN^5v HJ§ 2 
6 7©U v^gPW^D««tnSGa 0>93 Al 0 07 N}fe 

raa»@2 6 9^s^wcsa^^#tu 

9/12 6 8, ^7yFI2 6 7M7tIM12 6 9 
ICttpIGaNn^^ b®2 7 0#B/i)c£ftT^ 
5. &i>\ 2 7 1fctp^@, 2 7 2iintgT*5. 
[0 20 2] *H»^£D^6?Ui7tHji46« 2 6 9 fc* 
7?HI2 6 7£DAlfflfiE©'J^OGaAlN£/gl,N 

[0 20 3] S#8agjIfctS*l$tr H:* h7-f 7$\.<Dm 
&Ufc04a>e>fc>*>S«k?£, I An eq | ^ 2 x l o -3 

^e>n^o 03 2<DmmMm<DmT'&, ytm&tt>m<DA 

immZO. 0 5gx A1 gO. lfflS«tStt5Ci: 
tit), fcr-A#£hLTfc®ftfc£^««g£^gjT- 

[ 0 2 0 4 ] ±i£ bfe «fc ? C#HSEff*<g£ itltts I n 
GaAlBNJfci^&U— tf{C*5V.T> y^^D* 
jtSP©-*©^ ^ >v KJf K 'J V ^8B£JF*J5RU £© I) 2; 

tt£.r L£^«^&g#<£M£ft, fro£/£ 

[0 2 0 5] (^15 ommmm) 033 &#&(£©$ 

1 5©f£S&JK<§t:&5#«ftu— tf©«j&£^-f»r®0 
T&S. 0* 2 8 0li-y->'7-i'7S«T-$)^, c©sts 

2 8 0©itGaN/Vy77i2 8U nSGaNn> 
^^ 1-12 8 2, nSGa 0-8 5Al 015 N^7-vH12 
83, nSGaNi«ti2 84, InGaN^Il?# 
P (MQW) rSft)12 8 5, pIGaNi$I2 8 6, 
pMGa 085 Al 0 15 N*^ Kg 2 8 7, pSGaN 
4t9 7i2 8 8M«M?tlt^5. pIGaN* 
*y?m2 8 84b*<tl5p^GaA 1 N^^y KJ1 2 8 7 



it>^7'yKI2 87l:^h7-f :/#© U 'yi?§$&M)& 
£ftTUS„ plGaAlNi'7'?Kl287©'Jyy 
SWJW®«*K: nlG a 0 93 A 1 0 ^Uytm&Sbm 2 8 

9&&m)K:miib&frBi&Ztu ^t*¥y7-i28 

8, £5y KJf2 8 7 £V7felSii«>/f 2 8 9±tttpgJ 
GaNS2 9 0, pll nGaN3>^i? M2 9 ltf 

jeAntiT^z. 2 9 2tt P m«i, 293^111^ 
[0206] *nmzmT'&ytm&&m 2 8 9 # p §!?g 

aN48S2 8 6£gLTBf£;*ftT^.5j&#0 3 2© 

SfjgA^B;* ft S £ i: 0: S ? S T- & v> . 
[0 2 0 7] ($16 (DnmBM) 034 tt*^0^©m 
1 6©£lS£B?gtc:§SftS^f*;u — \f(Dmm*7n~*8iM 
0T-S5o it3 00lit77^7StgT-^t)s £©« 
S3 0 0O±tGaN;t-y7 7f3 0 1, niGaNa 
>^^M3 0 2, nSGa 0i85 Al 0il5 N^7yHi 
3 0 3, nIGaN*iSi3 0 4, InGaNfll? 
#P (MQW) f5tti3 0 5, pSGaN««13 0 
6, pIInGaN+v-y7'i3 0 7, P IGaN|3 

0 8, pSGa 0 85 Al 015 N^7y K13 0 9#^fi 
ffM£ftTV>3. piGaAlNi 1 ?^ KJg 3 0 9, p 
IGa Ng 3 0 8 (iJ* h 7<f /gB^Sr^V^T^ 9^>^ 
ifc*;*ft, £ft£«fc»), ^7^9 Kg3 0 91ZZ. h^-fy 
«©U ^^gPASBm^ftTV^o d©±tp^Ga 0 93 
A 1 0 oyNTfcBliifeJf 3 1 0, pSGaN3>^^h'l 
3 1 la^JSE^ftTV^. 3 1 2l4pll N 3 13l±n 

[0208] *mmmx-&. ytm&sbm 3io# P s 

T-fc-Sfcfe, JgJIf&flfci: 2 lelT^tro d©«jST-ti, p 

^ Ga 0.93 A1 0.07 N ^&*WS3 lOtpIInGa 
N**^® 3 0 7tffl-S7 i D^Mt:«J;t)«^^i)SfT 
&fcft5. f&to*,, ^h^-f^T-tt, C©^s^DPS 
g£<£ f?««tli3Stftft0 0 — ^F, 7, h^-f 7&T-I3ipm 
G aNI3 0 StfpIInGaN^f^iS 07tp 
MGaAlN^7'V h-Jf 3 0 9 £<D?£lzMf8.2tl-ZUZ 

SGa 0> 9 3 Al 0 07 N7fcHlji«>J§3 1 0©JB5f^^p^ 
Ga 0.85 A1 0.15 N *^ KJB3 0 9<fc!)*§^CDT\ 

c ft ic x zRm&mmT-%m&»bifimmt<tiz . 

[0 2 0 9] ($17 <Dm6tm) 035 fc£*#SBJ§©!g 

1 7©^B^£&£4^#b-1f©#fj&£^-rii3r®0 
T-^S. 04>3 2 0ttt77-f7i«t-fet), CCTJStfi 
3 2 0O±CGaN;vv77l3 2l i nIGaWn> 
^^7h®3 2 2, nSGa 0i85 Al Oil5 N^7y >'f3 

2 3, nIGaN#$I3 2 4, InGaN^Il^ 
P (MQW) Sft^3 2 5, plGaN^Sf3 2 6, 
piGa 0i85 Al 0il5 Nil^7>y^i3 2 7, pSG 
a 0.9 A1 0.1 N$2^5>v K@3 2 8 #f&gJ&JE££ft 

pMGa 0 _ 9 Al 01 Ni2^^-|3 2 
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8, pSGa 0 85 A1 0 >15 Nf 1 v^v YM3 2 7«, 

* h ? 4 yaatm^xx- ztuzx 

Z^v h'jf 3 2 7, 3 2 8©'; y^SB^©^ 
tCpSO nGaN;ftBI&#>Jf 3 2 9 tfSiRftKgS^ffJ 
JE&£ft, I--I3 2 8RU?tm&tbm 3 2 

9±tttpSGaN3>^^ f-Jf 3 3 0#JIM£tlTl'> 

5. 3 3 1lipm 3 3 2ttn®glT$)5. 

[0210] *mmmvm-wemtt& 1 ©Mi 

•Jy^^ttfrsctCJ:!), l52^7-yHI3 2 8 + 

tfT-£-3. ^©Jgiifct, *5 y Kg£A lf&f&Cg&S 
GaAlNT'«fiKbfc^g«i§tU <b^y^>^K 

[02ii] 03 6t£±izmmzm<Dmm*ftm-tz3L 

vr>yjjm*7fil,tzt><DT-&Zo 04\ SJfo^2§3 4 

06, rtge©<pjiMt:?&-DT3'f;i/tt©^sm€i3 4 i# 

IBtt^ix, 107i--7-3 4 2MNaOHM3 4 
3£&&bTV>S„ CCt, 7.*— ^ — 3 4 2l± x 0jj* 
b&V*§if^©3 > |- D — ^^6@$£S£l|§<&§l'j"T[E]i|iK 

U NaOH?gf&3 4 3£if#-rs 0 Na0H«S3 4 
3iCfct, GaN^®^Ji^fi£LfcS«3 4 4#S£ 

[0 2 12] £©S«3 4 4B\ g^©it^m^3 4 
5©iEfi!lt^^nT^*<, $Ltz, &8rt©&JRm&3 
4 1fct, iSjim®3 4 5©ft{Pj|{Cg$S;*ftT0.5o C1C 
T% IIfl3 4 5^>ttSttSi:, S«3 4 4l± 

[0 2 13] Z<D±otj:fgf5.1b¥(fi)^y?->VlZji*)^ 
x. 7f>^7D y y-i ;i<£0 3 5 omMMmizm bfci 
a^ff^tttWr^-t^qltgtrS&So ?"&fc*>, 03 
7K^L/t<fc-5£, AliffiM©^GaAlNS^^^ 
03 5C^bfcff£t*#Hgi;S 
ft*. *HIffJitlipIGaN^«i3 2 6# 

x>y^>^itJfi:bT©St!l*)*febTV%S. 

[0 2 14] ai-y^vy^D^T-^^SSiJSII-^ 
fc&C^JHSitfct, 03 5Cjj*b&2JMBgC|R61\ 
3 JlfiLtV fe A < s ??>t:MKGa 0i 85 A 1 0 15 N*> 
5»GaNS-e3M«(»tliJ«SSfli**fe^U— YM 
T-ifc^T&A^. St, x^^>^Mt.NaOHtfE 
^tlS^fflW^^ KOH, HF» HP0 3 
3?©&fl!i£ ffl ^ £ Z t #T £ 3 . 

[0215] (Jg 1 8 (DmaSM) 038 tt*$8l£©Sg 
1 8©^JS)f$SC^t)i.^^b-1f©§|fig5^Tllfli 
0T-£>5. 0+3 5 0J±-y-7 7"f7*ffiT'fet). d©S 
S3 5 0©±CGaN;t->77l3 5 1, nSGaN3 
h/13 5 2, nfGa 0 86 Al 015 N^7->Hi 
3 5 3, nS>GaNSg$U13 5 4, InGaNflif 



#F (MQW) iS£Jf 3 5 5, plGaN^8!i3 5 
6, piGa 0 85 Al 015 Nf 1^7'vKI3 5 7, p 
IGa 0J Al 0 j Ni2^7'?KI3 5 8> p^Ga 
N**y:7-Jf3 5 9A s ^ft)fM$tlTV^5. pMGaN 
**y7m3 5 9, pMGa 0>9 Al 0> , 2 ^ 
YM3 5 8, plGa 0>85 Ai 015 Nil^7y FJf 3 
5 7 8:, * h7-f7'gg7>$:^UTi^7 e ->yf^*^tL > 

!&$tlZ^&o ^7>j> KJf 5 7 7, 5 7 8©U v f^gPJil 
^-©fR^tpMI nGaN^raa^S 6 O&BE&Ztl 
TV^S. 3 6 1ttplS, 3 6 2linm®T-2&-5o 

[0216] *mmmizt5vznmm%itt, piGa 

O.SSAio.lS^i^^^^'S 57J:pMInGaN 

7fcaiifcji3 6 otv^ammKXbnmztiZo £ 

[0 2 17] (Hi 9©HS©fc<i) 0 3 9~0 4 Ofct, 
*^B^©^1 9©fl|SEflJJgC&£¥3?#U— tf©»Bgx 
S0T-feSo 03 9 (a) tr^1-iot^ 
S3 7 0±tltt, #«I^Jl^fflM^ (MOCVDg) 
C<fc!K GaNA»£&3 1 0~2 0 0 nmf®^ *y 77 
137 b S i K-7*©n^GaN*»?>«c5 4^rnjp© 
nS3^^M3 7 2, SiF-7-©nlGa 0 8 A 
10.2 N 2 5 0 nmf©nf^7!» KJi 3 7 

3, S i >*— 7"0nSGaNA>e,&5 2 0 0nm|$(D$ 
&J13 7 4. Sih-7©nSGaAlNt-A-7D 
-K±Jf 3 7 5#J©&Bfi£;*n.5. 

[0 2 18]l^t, niGaAINt- 70 — ffi 
±Jf3 7 5±£BU 1. 5 nifo; > K— 7* I xi 0 25 
G a 0 75 NM3nmS®y > K-7I n 0 05 G a 0 ' 95 

n© 2 an© 1 n g a nji s 5 o mmm \,xm m$ 
n5^m§^#p (mqw) ®m<Dt£&m3 1 

[0 2 19] fbl, ?S^S3 7 6±tCtt, Mg Y-7 
OpSGaA 1 H*—^-yn-&5±m3 7 7, IM g h* 
-y©pMGaN*e,55;s 2 0 0 nmf©|$| 3 7 
8, Mgh'-7OpIGa 0 8 A1 0.2 Ni»e>^^pM 
^7-n - 13 7 9 x Mg K — 7"©p®GaNipt>^CS 
0. 3 J amJp©^^->7-®3 8 0 tfJUiJ^fM^n^o 

[0 2 20] St, p!GaN^v?7I3 8 OJtt 
it, iCVDStiD, Si0 2 I4>^54 0Onm 

j?©«iv^^ji3 8 1 itmmiftiz. m^z, sit? 

X^/f 3 8 1±{C{±, bi^^h (AZ4110) 

1 2 0°C©g^#HM©^-7>{c 2 0dHft&c**u 

^ h^-^r>^^n5. ^©t, mm-vxtm 3 8 1 

©Si0 2 Wkit^v?->if-£tu «^^lfcbi?7 
[0 2 2 1 ] 03 9 (b) tC^i^C. S*Btt 



-f^>t-Ax.yf>^ (RIBE) StCtO, pS>G 
aN^t?'7'13 8 0lt pSGaAlN^7y KI3 
7 9#gfctjf 5 3:T-;* h^-f 7*«t^>y^>^^tl5. 
[0 2 2 2] Cdf. pIGaAlN^7-yh-I<Z)f? 
1**1)0. 3/zmi:i$^fe#\ 

(±, xyf>^7J:bTCl 2 SF 6 £©jg 

£#*£fflus;ii:£.i:»K GaNhGa A 1 

[0 2 2 3] T-f *D&yiy-2 0 OW, ;* >Ao38m 
E5 0 0V, Cl 2 *^ff*0. 4mTorr-St 
U SFg i'^^DbfeKOGaNtGa^ Al x 
N (x = 0. 2) ©3IiRtb©g<b£04 l£jj*-fo «GM 

[0 2 2 4] SF 6 iJ^CDE^jtftiiD-rSlC^V., MtR 

it^tgiD-r^o cmta, sf 6 ^s^io-rsctJci 

*)> GaAlNi©x.>f>^t;^U StMfcflfcSiUi 

0 x. y ^ > ^SJiS^tJT* 355A1 ©Jgfbtl £ ix 

[0 2 2 5] dtltCitK GaAlNfOxyf^ji 
KI±g<&»K gltltGaNfcOljRlt^SOi 
5, #^fi£Jfc?ST-tt, i&bDtfXi: UTS F 6 
fc#, 'PtiL< h*>Y-&f8 l frh\sT'e;tsi3X, 0>l;LfcfCF 

tt, mx\io l , co, co 2 mv>tti%, 'j>ta<£t)0 

fct, GaAlNSCDxy^>^CD^(C, fl&gUMlNAl 
[0 2 26] GaN13 8 0tGaAlNf3 

x y > ^ i: x 9 =f- > ^iggo^e ©*§^?£ t ^mmt 

S£i:#$?£U^. *HS6^T-tt, b— !fT^{3<t 
>^iS*4a®t^ft6 5 0 nm<DU—ir^mStV, £ 

tfSSrrS. £©ffi»©lfctij£«t t), x->f>^tM 
^D#®#tl^DltfeJ:^S. d©^©t§iggi£fc<fc.5 
i:, mtR^y?>y&tMmVkb%, GaAlNCx 
v9->?mg.&m^tztbs GaN13 8 0Ox.^>>/ 
^©SWTfc^jaoSi&cDSffifc, GaAlNJf379© 

1 >v ^ >^«Ofi«3fe?aflE©|g«HJffl £ T-fc£*# 
£U5. ^mmts^t-x-yfyif^ 

[0 2 27] Jil±©£?£fc: <t t) N *3WBKlBTf tt. G a 



(2°) #18^10-294529 

A1N13 7 9 fflt-n-i 4 0 nm«Tt- 

x>vf>^M7T'^5. X9f>yia©», 
£H 2 S0 4 : H £ 0 2 : H 2 Ogi£*Kgtt N 

-7**1$*^ saints io 2 v*^i± N ^©xg 

T- & 5 SiRffcR© v 7, 1 1 U T 6 <£ffl t- £ 3 „ 
[0 2 2 8] £A±©#UI©ge, 03 9 (c) £m-t£5 
MOCVDt«t5^2[§S©figftt«t»), S i K — 
7"©n^GaN^?,J5:S 0. 5 //mJp©}fc|S&«>Jf (* 
$it&5£Jf) 3 8 2tfpIGaN*ti'7l3 8 0©1I 
t)S^TpSGaAlN^7s; Kg 3 7 9±tM^ti 

*t»c«we.n, sio 2 v^^*s^^n % P iGa 

N+tfyi3 8 0#SiH£ft5 o 
[0 2 2 9] #IUT\ 04 0 (d) t^-TiotC^ MO 
CVD{Z«t5^3[eiacDj5g*t«t 5, pSGaN^fv 
713 8 0±SVpSGaAlN^7y Kg 3 7 9±tC 
MgH-7©pSGaN*^50. 5/zmJP©n>^ 
^M3 8 3#M$n5. Cl 2 ^JfflUfe 
RIBEti^ n§JGaN3>*^ K/13 7 2#g{±! 
-rSST-^i/N©-gBASx>y^>>7-^^ ^If^fiE^ 

[0 2 3 0] H4 0 (e) C^fotolC nffld 

©«@3 8 4iJiUfp(B!)©m«i3 8 5#ffM:**W 

[0231] st*. mmcDu-v^aur^ m hub 

©J&gK.t'K nIGaNSffiRfI3 8 2^T« 
^©^s h'7-fxyf^t: < tt)^?li38 
2CHPgfS£Patf\ Ml 2 [5] B ©*£«£<£ !)pIG aN3 
KJf 3 8 O^ft^Sfc^olg^iSfcafcs,, 
UfrU C:©ti£5fe^©Jg-&, /i&gcfKnSG a 
»^I3 8 2-^MOCVD^J!£;g^JaA i e.©MgODa?2 !: 

©fe&m^sgJf ©^Pgfl©p§yGaN:3>£^ KS^ 

vmiztzibs ^®T-©';-^^©m?#sm^^ 

[0 2 3 2] LfrU *HM5»JBC intt, nIGaN 
«^»^3 8 2&m2®g<Df&&T'mmtZtzlsb, M 
0CVDSJic> < gMI2i i 6©Mg©IRa 5 ^n4 s M<. nS 
GaNWERWS 8 2^^<^T-$s. K5 

^©^-^©P^Stf^VN. 

[ 0 2 3 3 ] ±56 Ufe J* d t ^HM^ffiC itiK. Sfb 
**'J ^A^b-^B3^^©aiRx>y^>^&||^T-§ 
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1- 5 u -if fcJSS-r -5 d t #T £ -5 o 
[0 2 3 4} O62O0HJB&H) B4 2~H43tt* 

0T'&3o 

[0 23 5] *£Mft$aStiU &© 2 ocDjSt * 1 9 ©H 
JB^82:ttllft«. l^gtt^ 04 2 (b) t^-Tio 
piGaA lN^7f KJ13 7 9 Cf^jtT* H5-f 
xyf>^CJ:!3, 'J >.v^i;-€-©il{B!l©¥iSgS£ top 
lGaAlNy7-yHi3 9 0tfM^ntUS. 2j& 
Btt, 04 2 (c) ^ti^t, pSGaAlNi?7 
» Kg 3 9 0*»£ft.5'J * ^^OffiilSBtrfeoTnSI 
nGaNi»13 8 2 C J; DUiiSftfcc i:T-fe 

•So 

[0 23 6] £©8fjtT-tt, «aUK9pJB 3 8 2tf, ! J v 
V(DmWT'iS&m3 7 eiZRtgfZfztf)^ InGaNi 
»13 8 2©M«*©gJ#£J:$£bS;d<¥;S[6l 
©HaJS«T*7>^t:<t?)7fcraii«)*sfTt)n.5o c©t 

UyyOiSlCGaAlNfflf^tJ:, *^^3 
8 2i:r£{4®3 7 6t©SMJSIt:^a-r-5fc«)s U-if£ 

[0 2 3 7] *Z.T-mftmm^ 04 2 (a) 
IXgCi, "J *$?©«J*XgC:j3^T\ 

s^^Ufct, Cl 2 ^iSF 6 £©«-£#* i; N R 
IBEi£fc£ffl^5. i«;f^Ml±, Cl 2 
2)0. 4mTorr\ SF 6 A'7E*0. 15mTor 
r, 7-f^D«EM!7-2 0 0W, ^ >iD3*E 5 0 0 

[0 2 3 8] pSGaNt+^yiSSOlt^i' 
#fM£#V pfGaN+t2'7 - I3 8 0{:itn-7^ 
*^©^*^x^>^#M£ft3o i^?->^© 

0:^ GaN/GaAlN©jI^lt#l . 2 5ggffe 
!K GaA 1 N©x>y-?-><yj£g#;n,\;ks>) N GaNi: 
GaAlNi:©|^B£;|3^Ts I/— ifflgfrt-^fc*!* 
5U- im©fi«§^©iISWgi8#&<b-f S. SSt&Jg 
©tSi&JS»j#l 5 OnmtfflIU G a N/GaA 1 N 

x^>^£(£itufc. *©ejR v 042 (b) t^-r 

ioC, 'J -r^CDSiCpSGaA 1N^7 y KJ1 3 9 
0©ff^i:bTlSftaD©l 0 0nm^Sl/tx.yf> 

[0 2 3 9] ZCDY^-i x.^>^IfI£:fc^T, *H 

1 2 *'X©<fr£fflV>fctg-£\ GaNtGaAINtlili 

— tf Kistt^SSi^© GaN/GaAIN 



[0240] **iBtff5«a*ttTtt, mm*. 

[0241] jyjb©.£5 >; v i;Bi&<D'&, 042 

(c) t^tiot, l2@g©sJIfnlInGaN 
«ifc&sgjf 3 8 2#3iJRffM£ix£. ?e,CSi0 2 7 
Z*m£(D^ 04 3 (d) £^-r«fc-5tC, ^3[e1B© 
MTplGaNn^^ M3 8 3tfM$n^. CI 
©p§yGaN3>#* hM3 8 3li, K7-fxy^>y 

nSGaN3>^i7 bg3 8 4*sStii^-^.$T- 
x.y^>^2nT^#ffM£*X.S. ^©&, 04 3 
(e) tr^-r<t-5{C, plGaN3>^i7M3 8 3_t 
<Cpffi!lS8s3 8 5mm^ti. nIGa'N3>^^M 
3.8 4±tnfl!lSSI3 8'4«^tl, ^MMfcl'— !f# 

[0 2 4 2] dCT% *HMff^T-tt, tMf!3 8 
2tUniInGaN| &mtr*§i§ric:o^TI&BJ§ b 
fei^HsffiRJg® 3 8 20«fihl/TH:, nIG a A 1 N 

[0 2 4 3] (fg2 l©H5Sf^) 04 4 (a) — 04 

4 (d) fc*#$gB§©sg2 i<Dmm&m\cmt>z>*mi*.v 

— tf©S3iXg0T**5o *WM2O0Pl«|fi 
!§i:S&6j£fcfc,. 04 4 (c) CStiot, StRfiK^ 
-efct&< U >^±MnSI nGaNl{5i?i3 9 1 

[0 2 4 4] C©U— !f«j£T-tK 04 4 (a) tC^f 
H©t, 04 4 (b) K^-r«fc-5fc:, K5-f:c*y^-> 
^fcitK pSGaAlN!>75'Ki3 90SiJ^i;i: 

C1T\ U i»i/©iii0GaA lN©g$li N ^tSES^Jf 

3 9 1 tm&m 3 7 6 t©?g||{C^S^^S©-C- N » 

[0 2 4 5] *3feJBK«t:*SVNT t,S20 ©?&»££ 
h Ir] D < BJ§ £ £ 5 3I#?x. >v =f- > ^ft® t U — *f^& 

tzm-gr&Tm^z. ^©^*, 044 (c) t 

[0 2 4 6] (^2 2<DmM&m) 04 5J±, *^PJ§6D 
2©HJ£}f^^t>S*^U— !f©»JSR*^-r» 
ffl0T*feS. 

[0 2 4 7] 0*4 0 OllnSS i CS«Tfet), C© 
Sg4OO0±CniZnO14Ol, nSGat>JJ14 
0 2, niGaAlN^7yFI4 0 3, GaNiS^® 

4 0 4, I nj Gaj.j Nip^Ti?,^ l©rSttS-4 0 
5, MGaNs5Ri4 0 6#«i);M^ Slc^i 
<D®MA*ffi<%2(DmMB\Zi±, InfcGa^k-N^ 
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*>&5!g2©rSftJf 4 0 7&VGaN^i&f 4 0 8#ff$ 
BE^nT^S. fLT, fg 1 ©f«£A;&tfgl2©^B 
C*Wt % plGaA 1N^77 K^4 1 1 aMb, 
nSInGaN*HM14 12aMb, pIGaN 

h«4 1 3 a&tfbj»££*Vt^3„ &*>\ 
dne>O^mSllM0CVD^ MBEg, ifclMiiSi 
#©*§£-££ i-pTfTfcft 3. St« 4 14aMbB 

p«iis«i. 4 i s&nmnmx-hz. 

[0 2 4 8] ZZ~^ m 1©7££/14 0 5©;t> h'*\> 
y^Eei , W-Zd 1 i2©fitti4 0 7CD/n'>H 
¥^y7Eg 2 , JS£d 2 fcfct. 
Eg, >Eg 2 —(16) 
d 1 >d 2 —(17) 
i:&5«td£i8:5£;**iT^So |g 1 ©rS& 

l405OInfifiEj = 0. 0 5, ^£ 1 OOnm, Sfg 
2©«£iI4 0 7© I n*Bj$k=0. 15, I^lOn 
mtlfc. dftfcfc, «IfAl=3 8 0nm, A 2 
= 4 10nmCfflin. 

[0249] coi/- tf«ii©mio^AT-a:, rS& 

Jf #sf§l©r5&Jf 4 0 5©<frT$>£fcS!K C©rSteJf4 
0 5©&*3 8 0 nmT-$g}i-f 5. — ^ §§2©^B 
T-l±^ 1 CDStt® 4 0 5 i:^ 2 ©rSffi® 4 0 7 t 
-TS^s sg2©«&lf4 0 7©M> :?*©;£#/> 
S^fetf), S§«&ailf^tt^2©?Stt®4 0 7fgC 
3. V£-dT, C©^T*tt4 1 OnrnT-^S-r^Clilt: 

[ 0 2 5 0 ] W. 1 ©$W£A©?SttJf 4 0 5-ttlO'O nm 

!K M!)7fc&W©^£U#tt#» » §12© 
^BT-li l 0nmi:&^rSttJf 4 0 7<Dtztt>. %>W 
-&g£<g$rt-£. iSiai*T*©^ffi^qIigT'feS 0 $£o 
3©«jg©b— tftt N ^-f^^JS&fflt^^T^l 
CDfftfACDU— !f$:SiaiLffl, ff!2©3ligsB©l^— tf£ 
Rgffl i: bTffl^ £ £ i: #T- £ 5 D 

[0 2 5 1] UiP*)*HJ£BffiT-li, <J y S?ftJBj«-ra 
?7^h-l4 1 1 ©H?S®£r5t£Jf 405, 4 0 7iH 

*yv*\v7^*fr*-(»^is\,s%mmm± 1 25 

K T ®3ft%]gtf qJIB i: ft 3 o 

[0 2 5 2] 04 5t^Ufe^ftU- tf©igiix«£ 
0 4 6-0 4 7*#JHUTttl!l§-rS. 04 6 

(a) t^Tctdts nSSiClfi4 0 0©±t, n 
iZnO!401, nSGaN1402, nIGaAl 
N^7';FS4 0 3, GaNg$J14 0 4, I nj Ga 
!-j NrSttJf (IglrS&jf) 4 0 5, GaN3|&Jf4 0 
6, In k G ai _ k N7Si4g (H2r£ftjf) 4 0 7, G 
a Ng&JI 4 0 8 *JB***-T*. 

[0 2 5 3] »^T\ 04 6 (b) C^-T<fco£, 
©H^AtC*Jl^Si§^4 0 8i:iS&/f 4 0 7^^^^ 



>yXI^*^-S. i©h&, rSttJl 4 0 5 fct#j£Jf 4 0 

[0 2 5 4] #UT\ 0.4 6 (c) Ksrriofc, £@ 
CpSG.aAlN^7yKl4 1 UMU ^©±t 
S i0 2 JS4 2 1 ^/t-^»ffMt5. 

[0 2 5 5] ifcUTN 04 7 (d) K^Vf «fc-5C. s i 
0 2 14 2 l©^*-n>^£fT^-^ cn^77^fc 

[0 2 5 6] «V>Tv04 7 (e) t^tivC, Si 
0 2 ^^<7$:oJtfc**, SiRfiMIKJ;oT«»^& 
*fcfc7feHii«>Jf 4 1 2 5MtS. 

[0 2 5 7] ttOT% 04 7 (f ) tc^iot. Si 
0 2 ^^^Sr^bfc^ pSGaN3>^^H41 
3£f£ftU p<l?!lfKi4 1 4, n{S!)«SI4 1 5&ffif&r 
5, *WAfc«*Bfc©IHIfc K5'-f 

5t^ut«ig^^-rs. 

[0 2 5 8] ±iEbfcJ;-5t*^SiKStJ;nK. 

5gH4©Fr3M£j5¥ifcT- £ -5. 

[0 2 5 9] (lg 2 3 ©3WE^) 04 8fct, 
Sg 2 3©^JS^tC^fc.-5^^b— tf©«fig^^-r»f 
®0T-fe5o ftiS. 01 9 tm-fflfrtZtUffi-n^Ztt 
bT, ^©PbVN^tt^Bg-r-So 

[0 2 6 0] *Xtt^ffi®«!^VS£:#&ttg 22© 

mmmmcom^ t immur- s ^22 ©ust^s 

i:H&3j£tt, Sgl©r£ttJf 4 0 5{cft^TM^d 1© 
% l©r£<4S4 2 5$:^b^ J&o^2©tS14^4 O 7tc 
ftxT> ^l©rSf4^©Kff«tt)^£.^#^^|^d 2^*, 
0^2©rSttil4 2 7£fig;Lfe.ri:T-3D£o 
[0 2 6 1] -T^t)*., ^l©rS14B4 2 5©M»d 1 
ti2©S|fi4 2 7©^JPd2h©H£&£ % 
d Kd 2 -(18) 
^bfeCltT-feSo BP*»> d 1 = 1 0 nm, d 2 = 1 0 
OnmtLfc, Sfc, i2©MBl:pIInGaNiJi 
>W§ 4 2 8 <! ©qSJRJf 4 2 8 ttqIiaftBXJRfl: 

3. C©#lii©t§ Tfe^-f^^JS&fflttJV^^l 

©^A©ix-if$§3^ffl, ^2©^B©b— trim 

& b ffl fc b T ffl V \ -5 C h t ^ S . 

[0 2 6 2] (^2 4©HiS^) 0 4 9 fct, *^B^CD 
®0T'$»^o 

[0 2 6 3) 0^4 3 0tt-9"75"f TStg-rfeD, d© 
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S&4 3 0©±£GaNMy:7 7jf 4 3 1 , nSGaN 
3>^^H4 3 2, nIGaAlN^7';K§43 
3, nIGaNf$f4 3 4, InGaNMif#P 
frt>UZmi<Dm®m4 3 5, 7>F-7GaNigl 
4 3 6, I nGaN^fiS^#pfr£&3Sg2CD«<4Jf 
4 3 7, plGaN^8I4 3 8, pIGa A1N^7 
•^'14 3 9, pSGaN^t-j7I4 4 0, pSIn 
G a Nytm&ti>m 4 4 1 , pIInGaN3>^^H 
4 4 2#JIM;*ftT^3. Sfc, 0<£©4 4 3&IF4 4 
4fclpWsi, 4 4 5l±n{l!lS@T-$.-5. 
[0 2 6 4] 3 CT\ SI 1 <D$>mm?#Fft&m 435 
On>^t>y7Egj fcB2 0#II?#pgttl4 
37ffl^>l ! ^1'^7'Eg2 tl± 
Eg! >Eg 2 

^#pm'&m<nnpmQ> i o . lstui 

2cD#ftg^#^i4gtZ)I n*§fi££0. 8fcLfc„-£ 

fiM^PrSttif © I n«ttM0GaNl/- tffcifc 

Si: LTfctiSffiW©fc©#^£>iT,So 
[0 2 6 5] Z<D£o£.n&RTfm&<Dl>- 1f#flt«£ 

ftCl'-if^fflVSv-;*^©^^ *HJ6f^£D«t 

«f£fflv> >k ^©i^^Atcs 

[0 2 6 6] 05 00:, 04 9£^U;fc3lfi6ff2Jg©U- 
ifC:fctt3m@©&m^£^Lfe*)GDT-fc£« £©#1© 

^•7^-^tt3-OT^V^. 

[0 26 7] (^25©HJ(6ff^) 05 1 fci, *f£®(D 

[0 2 6 8] 0*4 5 Oiilt^y-r^affiT-fe?), -© 
g&4 5 0O±i:GaN^5'77l4 5 1 , nIGaN 
3>^^M45 2, niGaAlN^7!»h-l4 5 
3, nIGaN^tf4 5 4, InGaNfilf#p 
*e>45!|l©SttJB4 5 5, T>Y-7GaHm$im 
4 5 6, I nGaN£Bg^#F>tp£>&S!g2©r5£JI 
4 5 7, pSGaN^gUf 4 5 8, pIGaAlN^ 7 
-VKI4 5 9, pSGaN^t-^14 6 0, p + IG 
aN3>^^M461, nIInGaNMfi)l4 
6 2, p + SGaN3^^M4 6 3tfM$ntU 
S. 0*©4 6 4^lf 4 6 5ttpffi3«g, 4 66 

[0 2 6 9] ^10^1I?#pfil4l4 5 5©^>F 
^•v^Eglj tI2fIi?#p«ttI4 5 7©;t 
> K^t^7Eg 2 ill 
Eg! >Eg 2 



[0 2 7 0] (12 6<!>%j&&B) 05 2J±, *^CD 
m 2 6 ©*Jfi»»t«t»s*iJit;^— tfcD«|j5E§7r>r»r 
S0T-&5. 

[0 2 7 1] U-tf ©»*JB«JgttffiEia 28t^ Ufc 
ij<DtmLT-&Z(DT; ^©P U^SfcHJitt^BS-f -5„ d 

©^e^{c*jv>t*,, ^ i <Df>mm.?#FiZi&m 1 9 

eo^K^yz/Egi i:i20^1t^#ptstti 
4 7 0©A>hJft-y7Eg 2 i©g|&£±j£© «fc o t 

[0 2 7 2] (Sg 2 7 .©IttBBJR) 05314, #£&Hj§© 

[0 2 7 3] C©HJ6?f^t43»t5*3?«;^— IfCDS* 
«iili0 5 1 t^bfc^!li:|p]«T-feS©TN •^©gflA'' 
^tt^us-rs. ^©UMB^T-ti, g-^M^^>©^ 

[0 2 7 4] it©4 8 0ttt-h->»Tfe5o t- 
h^>£4 8 Otim Cu4ifCflfe > BNW-|' 

*>k^s n*e^*©iSv^^*fflvv^i:?aji«)-r-$) 

So CCt- 4 8 0 ttt0C55lfeJ:^j5:|Sf 

STi/Pt/Aul) 4 8 1~4 8 4«*flW 
5. 4 9 0ttm«IP^$r^-S|-r5fc4i)©7>S8mT*fe 

S. &;<*^XJli:#^f£ix — !f©m^i:t±, AuS 
n«?©¥ffl#4 8 5~4 8 9CJ; 9ff«;*ftT^;5. 
[0 2 7 5] *Hi©f^©«tot^@^^>©-=7^> 

hmcttiD, f^©?&ffiin;#<£ia£ft, J;t)« 
^©SSffitfqlfgiiftS,, 

[0 2 7 6] 5&4b\ *^B^H:±Mbfc&lli6ff^^pg^ 

* KK LTHUg-r 3 3 h T* t s . 
[0 2 7 7] 

^A^©^fc3i^csLfc#^Jtxs©^v^^s©ait^tr-A 

C £©T* §51 nGa A 1 BNI©f^b-f 
[0 2 7 8] **WCJ:ntt, «£JlS$iJ*3P^© 

[0279] £e>{c$fc, *^t«tn«, 
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[0 2 8 0] *^t«tn«. f&&m^<D**V 

[0 2 8 1 ] *§m\zxtMs m<ttfvoAm<b 
[0@©@**SiBJ] 

[01] *^o^ioHSSff^C»t>S**^u-if 

©«j*£^-f»r®0o 

-3 7^F5©g§S6lh out fc*t-f3ft#{4£^-r0. 
[0 3] LiSVNfB^E&jgJtjr ffl^a 0 , I^iAa 

cssu ^ h7-f ^*iwtM-r-5«<#tt4^-r0o 

[04] ^ b^-f ^rt^©^ffiJSfT*HAn eq l3«tVtr 
-A©^PlMi:, 3fcim&Jf©i§aj$h©K&£ifvr 
0. 

[0 5] #«^ti5WS^^HM*«fcI5a^MAalc 

[06] rSteJiSg^cL KJf^H clad 36tfiC*7 
y FS-?SttJi©Alffl^^X A1 i:, ^-H«*a 
t©M&£^-T0« 

[0 7] SCH-MQW^jttCfcMtS^^^ KJfJP clad 
0. 

[0 8] utv>fsii^tS5fij^ %.m&&m%ir izm 

S^-T0o 

[09] ^la^sns^©* 7 >y vmm&&&*mT 
0. 

[010] SCH-MQW«lii^j3WS^5^ HSiP 

©H^s^-r0 o 

[011] SCH-MQW«Jit*»tS^v^ KJfff 
clad MVt^SE®ff H guide fc, H<D8MM8fc 
©§8&£5Vr0o 
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